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PREFACE 


Agriculture has felt the effects of the new scientific-industrial 
revolution more quickly and intensely than business m general The genetic 
quality of dairy cattle, economic structures, and general advancement in in- 
dustries closely allied to the dairy business outdate many practices common 
less than a decade ago Modern dairymen are frequently faced with prob- 
lems having no precedent, and the fundamental approach has become man- 
datory Consequently, drastic changes have been proposed for curricula in 
agriculture Clearly, less emphasis is needed on how and more attention 
must be devoted to why things happen Modern college courses are stres- 
sing principles, and in the field of dairy cattle management this trend has 
made all previous textbooks obsolete Moreover, most modern reference 
books on the subject are lacking in sufficient flexibility and tend to prescribe 
applications too literally, without adequate evaluation of underlying 
scientific principles, the successful application of which makes the difference 
between superior and routine management 
The present book deals with animal fundamentals that can be employed 
to solve new problems as they arise Thus it should be useful to students 
and to workers in dairying and in the businesses that serve the dairy and 
other animal industries Although no attempt has been made to supply 
answers to all of today’s problems, the applied material included is suf- 
ficiently generous to illuminate the practicality of the fundamental ap- 
proach The student is introduced to principles in the first chapter Here 
new concepts of physiology and related sciences as well as classical exam- 
ples are utilized to explain the response of the cow to her environment 
Such topics as the general adaptation syndrome, homeostasis, stress, condi- 
tioned reflexes, and natural impulses are presented in Chapter I as a basis 
for subsequent material 

The daily cow has achieved prominence in the world’s economy largely 
because she is a ruminant Therefore, rummology is introduced in Chapter 
2 Managerial principles concerning the development and maintenance of 
normal rumen structures and the proper flora and fauna quickly become 
familnr tools for the student, the important synthetic functions of the 

VII 
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n.m.n being emphasized .hroughout Ihe book Modem concepts of feed 

evaluation and utilization also are presented early 

The effects of weather upon the baste body reactions arc discussed in 
relation to management practices Ctaptcrs i to 5 on cbermil netitralitY, 
radiation, conduction, and convection as influenced by nerves, body secre- 
tions, and the environment provide workable tools for reasoning out solu- 
tions to new problems 

Lactation is developed in Chapter 6 as a physiological function, and 
various parts of the book show how principles that affect the body as a 
whole are involved in the production of milk The digestibility of feed 
including both the speed and thoroughness of the digestive process, the 
specific dynamic action, the weather, genetic merit, rumen functions, and 
body chemistry supplement the purely physiological discussion of milk 
secretion m the formulation of policies concerning milking management 
It is well knoivn that plants supply most of the feed for dairy cattle 
Since Chapter 7 stresses the physiology of living plants and the biochemical 
processes by \shich they are utilized and preserved, the student will leant 
how the application of soil and plant sciences affect the management of 
cattle Fertilizer practices, soil structures and textures, plant enzymes, sun- 
light, plant varieties, and vanous similar factors will thus become familiar 
considerations 


The basis of sanitation and health management has been given promi- 
nence because the stress of today’s high speed production frequently creates 
new problems in these areas Principles of animal adaptation, immuniza- 
tion, chemistry of cleaning, and sanitation all become tools for use in the 
formulation of management policies 

Reproduction « shown to be one of the most serious problems in dairy 


cattle management Fundamental training on this subject is supplied 
mainly m Chapter 13, which is supported by the remainder of the book 
Principles can be applied to raising dairy calves quite easily, and a new 
approach is particularly important because mortality and the cost of herd 
replacements arc still much higher than necessary 

In ihis era of change, building designs must be flexible The pnnciplcs 
discussed herein include consideration of such topics as automation, types 
of feed and other matcnals to be handled and stored, and ventilation It 
ts shown how design o! dairy structoies can be based on physiological 

principles that apply to the comfort and productivity of the cows 

hWern dairy business management can be founded on scientific pnne- 
ples dealing with fundamental reactions of the animal body Emphasis is 

adequate the I, than 

adequate, the mam purpose of th„ book t, to supply students and workers 



tools for the formulation of ihcir own policies in handling present and 
future problems, many of the latter being as > ci unforscen 

nibliographicnl references and questions for rcvieu are given at the end 
of the text It is hoped that the Ready Reference Handbook (page 291) 
vmH prove to be a valuable aid to managers and students alike It contains 
information that will be referred to frequently in the solution of manage- 
ment problems and is an integral unit in itself, although it is carefully cross 
referenced to the text material 

So many governmental and business organizations and individuals have 
contributed to this undertaking tint listing them here would be impractical 
Attention will be called to various contnbutions in the body of the book 
llie author is indebted cspccnlly to Dr C J Wilcox for his encouragement 
and counsel and to Mrs Hclga O'Steen for secretarial assistance 



INTRODUCTION 


The American dairy industry, which appears to have just come of 
age, may have difficulty adjusting to its new role m the economy However, 
dairying is an especially efficient means of utilizing crops and labor, and it 
undoubtedly will continue as one of our most vigorous agricultural busi- 
nesses In most respects, American dairying is the most advanced in the 
world, as is indicated by the outstanding herds, the quality and variety of 
dairy products, the automated barns and plants, and the advanced methods 
of distribution and technology 

Great value has been placed on the dietary qualities of milk and milk 
products m the pages of recorded history A few examples here will suffice 
As IS well known, Columbus brought cattle on his second voyage, and early 
settlers of this continent prized dairy products enough to transport cattle 
long distances under the most adverse conditions The greatest consump- 
tion of dairy products has occurred among the more highly developed and 
prosperous people of the world, various authorities are, therefore, inclined 
to attribute much of the development of the human race to the use of milk 
and Its products 

While dairying is known to be one of the oldest of the agricultural busi- 
ness, most of the progress m the science of milk production has occurred 
during the Iasi 100 years Giant strides m dairying accompanied the in- 
dustrial revolution generally Dairying developed simultaneously with, and 
as a result of, such basic sciences as bacteriology, nutrition, quantitative 
genetics, physiology, and veterinary science, and with inventions which 
took processing from the home to the factory and made preservation and 
distribution of milk and milk products practical Hence, the efficiency of 
daily production has followed a geneml increase in industrial efficiency 
Approximate!) 15 per cent of American farm income is from milk The 
dairy indusiiy supplies also about 35 per cent of the beef, and indications 
are that the demand for dairy beef will increase as meat tcchnolog) ad- 
vances Over 300,000 people are cmp1o>cd in the dairy industries, and the 
need for trained personnel IS growing In addition, daily products cnjo> an 
env lous acceptance because of their importance in the diet of infants, > outh, 
si 
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the infirm and the aged, as well as being staple foods for healthy adults 
Roughly 20 per cent of American food purchases are dairy products 

Over 100 food elements have been identified m milk, and it is accepted 
generally that many still unidentified factors contribute further to its value 
In the diet of a teen-aged person, a quart of milk daily supplies about 82 
per cent of the calcium needed, 63 per cent of the phosphorus, 83 per cent 
of the riboflavin, 30 per cent of the Vitamin A, 22 per cent of the thiamine, 
and 21 per cent of the calories, as well as the total requirement of Vitamin 
D The proteins of milk arc of especially high quality For the average 
adult three glasses daily provide half the required methionine, cystine, and 
phenylalanine, and all required lysine, leucine, and isoleucinc Amencans 
consume about 30 per cent of their animal protein as dairy products More- 
over, cottage cheese and dry milk are the least expensive sources of high 
quality protein on the American food market 

Of course, the perishable nature of milk has posed a difficult problem 
Instant dry milk and concentrated products are now available Sterile 
canned milk with all of the charactenstics of fresh milk has been processed 
experimentally and may be on the market shortly Such products will have 
indefinite shelf life and will tremendously increase the importance of dairy 
products to the average American family 


As prices in general have increased so have those of dairy products, but 
at a considerably slower rate than other products because of the rapid 
advances of technology m the dairy industry A good way to measure 
efficiency of industries is to compare the value of products to the man-time 
spent in producing them Upon the basis of such calculations, it can be 
seen that almost half of this century's progress in dairying has occurred 
since World War II In gams per man, agnculturc has gamed 8 per cent 
annually since 1947 as compared to slightly over 2 per cent for nonfarm 
ustrics t IS a so significant that dairy cattle numbers have declined 
mp.dly though total production ot dairy products has increased Thus 
mr-ihnft* ^ trend is an extension of our technological advance, 

mettads, tattle, and equipment are bong tmproved continually 

cent It ‘'"''“P"''"' " "o* unique to dairying In 1900, 37 5 per 

aboufin employed on farms as compared to 

as elmr ‘“t’' ” ’‘-h 

finamma a 'dTrL"'"'’ -S'ncenng, 

fitaed md "ft .n " " ““"y agnculturally al 

“rfotr-r ras?c agre^h^ -o.ee of a^pph- 

ot wars of’p° aome 'r "'’'"'y --"e'' f-i-ds 

rsofpraence A great deal „ ko„„„ 
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due, on and reproduouon are curtailed Nevertheless th.s curtadment s a 
rorm of hte tnsurance, smee all possible reserves may be 'V 

or defense aga.nst attack, disease, or some other unfavorable mfn.festa 
non Since just how the profit making functions are depressed during 
emereencY mobiUzaiion of the amma\ 5 reserves wiU be discussed in detail 
later m this chapter it is sufficient for us to say here that conception 
rates arc low production of milk virtually stops, and various secretory and 
digestive processes which u is our purpose to promote cannot normally oc- 
cur in excited or uncomfortable animals In the case of dairy cattle, this 
effect is made all the more serious by the cow's associative faculties The 
mere sight of a person or place connected with an unpleasant experience 
can cause repetition of nature’s life saving but profit cutting reactions 


The Reproductive Impulse 

Reproduction has many ramifications but the mam purpose of this im- 
pulse (production of young) as well as tts side efTects (milk production, 
etc ) are essential pans of sound husbandry In fact, tn dairy cattle manage- 
mnl one might jay that Ttproduclton ij the mojl important thing to promote Milk 
is nature 8 food for the young and thus its production is a part of the re 
productive process The physiological functions which promote normal re- 
production are the ones which foster growth health and general profit- 
making animal functions In order to utilize the reproductive impulse it 
IS essential to promote the proper coordination and physiological balance 
of the dairy animal 


Coordination of the Body Systems 

Dairy cattle arc very complex organisms — perhaps more so than beef 
cattle or other comparable species because of the problem of physiologi 
cal balance that exists among three complicated but closely related systems 
1 e , the digestive, reproductive, and lactaiive systems Coordination of the 
many other systems m the organism is also necessary and requires an al- 
most constant adjustment of the animal s body chemistry Improper co 
ordination is the mam source of physiological problems in animal produc- 
uon Inthecow.vhefahuTedthevanous systems to work together usually 
results m loss of productive ability Death itself often can be attributed 
to the failure of but a small part of the organism Thus healthy cells die 
because the.r vital needs are nol served properly by an entirely different 
system from the one they function wtthm 

I'" ‘'2'’' "» bouWe They adjust directly to the 

sems reas''"? '“u'* environment It has been postulated and 

“rde'arre“: ‘s;ro7 
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However, a complex animal has a tremendous number of systems, and 
all of them contribute to the life and productive processes Although 
nature coordinates the functions of various systems, managemental skills 
can help to foster this coordination just as such skills can improve the 
coordination of a machine An analogy can be made with the automobile 
The designers and engineers have planned the car so that us weight is 
distributed scientifically and so that the best sizes of wheels and tires can 
be selected and adjusted at the best angles Although this basic scientific 
coordination is essential, additional skills are also necessary, for the life 
of the tires can be prolonged by proper inflation and rotation Moreover, 
preventive maintenance and careful usage are fundamental to long and 
productive service of the entire machine The same principle applies to the 
husbandman as he seeks to utilize his skills in the conditioning of dairy 
cattle for long and productive lives 

Conditioning 

The cow’s body distributes the work among us systems and does a great 
deal to maintain a steady internal environment despite changes m feed, 
temperature, atmospheric pressure, and the like Thus the composition 
of the tissues and fluids changes very little, even though the feed may 
vary considerably The body produces extra heat during cold weather and 
develops the ability to dissipate heat during warm weather Adaptations to 
drastic changes (such as extreme changes m weather, excessive work strain, 
or disease) occur as a result of adjustments of internal organs, the nervous 
system, and glandular secretions Such adaptations require time, but sup- 
plementary managemental practices employing basic principles can smooth 
out the transition period and prevent detriment to the systems which are 
of most economic interest One of the most important principles that the 
husbandman makes use of is the principle of conditioning 

Condtlionwg is a term used frequently m modern psychology and refers 
to the utilization of an organism’s attachment to a particular stimulus in 
order to produce within the same organism an attachment to an entirely 
dilTcreni stimulus Thus a cow that has been eating a particular feed from 
a manger can be conditioned to cat a new feed by placing a small amount 
of it m the same manger with the familiar feed and gradually increasing the 
proportional amount of the new feed until the dairy animal readily accepts 
»t Intelligent application of the principles of conditioning is very im- 
portant to the successful management of dairy cattle In fact, work strain 
on the various systems of the cow can be minimized by conditioning her 
for each particular part of the productive and reproductive functions As a 
rule this IS done by making changes gradually, so that undue strain is not 
placed on an> particular s> stem Feeding, grooming, housing, timing the 
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lactation and dry periods, and breeding at proper intervals all play a part 
and are discussed thoroughlv in later chapters The principles of conditioning 
make up one of the manager's chief ueapons in the successful utilization of the re- 
frodueti e impulse ard its side ejects and in the minimization of the side efects of 
thesunnal impulse For a fuller appreciation of the significance of the prin- 
ciples of conditioning \\ e need to consider the concept of stress 


In recent years considerable interest has been expressed in the general 
term stress ' Briefly, the syndrome of stress may be defined as a definite pat- 
tern oj change uithin the body tchen it is subjected to a disturbing influence {stressor) 
These changes may be produced by fear, injury, infection, cold, heat, hun- 
ger, radiation, or other forces s^hich cause the survival impulse to express 
Itself and can be dangerous to the organism because they have a detrimen- 
tal clfcct m addition to the uear on the body and depletion of the cells 
caused by the normal life functions Moreover, because of the delicate in- 
terrclation of the reproductive and survival impulses, excessive stress can be 
exceedingly deleterious to the productivity of dairy cattle One can judge 
me success of rnanagementa! application of the principle of conditioning by 

the extent to which stress has been minimized 

exhaushnl ^ten arc the result of long exposure to unusual or 

"I >he p^r^od oJ 
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may rise, (b) the blood pressure sometimes decreases considerably, (c) the 
blood is more concentrated because extra cells are discharged from stor- 
(d) permeability of the small blood vessels increases, (e) various 
chemical elements of the blood change as a result of emergency changes in 
the amounts of formed elements and glandular secretions, (0 the basal 
metabolic rate increases, and (g) the adrenal cortex reacts by producing an 
extra amount of the hormone desoxycorticosterone, which causes inflam- 
mation of tissues It is thought that this is to localize injury It does this, 
to be sure, but in addition the side effects influence functions of the entire 
body 

(2) During the second phase, counterskocky the adrenal cortex, through 
the influence of ACTH,* secretes anti-mflammatory hormones which re- 
lieve to some degree the general effects of desoxycorticosterone The points 
of injury are kept localized, however, by secretions which do not affect the 
organism so much as a whole The local-adaptation syndrome (LAS) may 
thus protect a small part of the body This can occur first and so prevent 
many, but not all, of the drastic side effects of the GAS 
To sum up when only limited areas of the body are threatened, in- 
flammation IS useful in that u seals off the damage before it can spread If 
Wider areas are involved and it does spread, however, the body then pro- 
duces anti-inflammatory hormones which, nevertheless, do not prevent 
irritations from occurring to some extent in all parts of the body 
Interference With Production Systems Under adverse conditions, pro- 
ductive and reproductive functions are inhibited bec.iuse they depend on 
extensive and well-coordinated work by systems of digestion and circula- 
tion, as well as by their own tissues Inflarntd organs generally do not 
function effectively and arc likely to produce toxic substances However, 
the anti-inflammatory hormones usually [ircvcnl sc nous lliUiUs to life from 
inflammation during the stage of counttrshorK 

It IS not surprising that during extreme stuss young annnnls quit glow- 
ing and lactating females cease production of milk One of the fiist symp- 
toms of the GAS IS shrinkage of the sex glands hist reaetions have been 
attributed to a shift m hormonal activity 1 hus if tlic pituitary has to 
produce extra amounts of ACTH to make the adrenal cortex function at an 
increased rate, perhaps it must decrease production of hormones more 
closely associated with reproduction growth, and lactation 

If the animal survives the alarm reaction, it adapts itself No living 
organism could be maintained continuously in a state of alarm If the 


•ACTH IS the general abbreviation for adrcnocorticolrophic hormone which is produced 
by ihe pnuitiry gland ACTH is one of the trophic hormones which regulate activities of 
other endocrine bodies 
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alarm reaction results from conditions so drastic as to be incompatible with 
life, death is hkel) to result during the initial phase of the alarm reaction 

Resistance 

\\ hen survival is possible, the alarm reaction is followed by the stage of 
resistance — the second major stage of the stress reaction During this 
period the vita! functions of the body approach normalcy It is an artificial 
adjustment, however, largely governed by the endoenne glands The 
pituitary gland secretes additional ACTII which causes in turn an increase 
in adrenal hormones As a result the body’s supply of proteins, energy, 
and vitamins is utilized quickly and possibly to the point of depletion To 
make matters worse the ability of the body to replenish these substances is 
reduced Thus after prolonged exposure to the condition causing stress, the 
acquired adaptation is lost 

Exhaustion 


Tht third phase of the reaction to a stressor is knosvn as the stage of 
exhaustion The symptoms of the initial alarm reaction occur again The 
final rcscrscs of the body are mob.hacd and at times recovery may occur 
After a t, me, however, when the body reserves have been depleted, this 
phase becomes irresersible and death is certain 

living thing reserve strength is stored m vanous 
onlv when Jb t and others can be u.thaed 

ens Iv D* ■" *■-' been used cx- 

and bt “rr T r' “P"" ■'-‘‘'y -a.lablc reserves, 

mined amount of this spreia' smre °"'y = “"mn predeter- 

cnergy " This store mav hr h! 

It IS mfluenced by feedme and'^'"'^ e'n«ically yet the possibility that 

oscrloohed SclycUdtfcd a sc^sof^n'"' 

It is evident that energy „ renuirrd t P determine the facts 

unnatural environment or activity an ^SeT '“‘“P' "" 

tory animals at abnormalW experiments, using labora- 

.1 be, rue A, a eo^T^! Inere'dlrTV'™'’'™"^” 
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xmplefoo^soppty'to';^ "”*‘"5 bur depriva.L of an 

was not the case however'^ Con, resistance to cold This 

tinucd dram on the body s store „r,n “P"*"'"' >» cold caused a con- 
Additional work showed ,hn. h P"''"""5y 

the same principle apphed to adaptation 
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to intense muscular exercise, and to tolerance to toxic substances and 
various other stressors One can but wonder about the tremendous meta- 
bolic effort of milk production m high-producing cattle 

It appears that the longevity and producing ability of anima s depends 
largely upon their individual stores of adaptive energy Tetthe only knowledge 
oj thir energy to date u that constant stress will deplete it The only way to 
conserve ft and still promote a productive life is to cooperate har- 
moniously with natural laws 

Management of cattle thus could be compared to operation of a ma- 
chine-an engine-driven forage harvester These machines store power 
in the flywheel Thus there is a reserve to help handle heavy forage e 
operator, however, can ease the machine over rough ground and slow its 
ground speed when wet or tough herbage is to be cut In this vvay, by 
careful management, he uses but does not deplete the power of the fly- 
wheel Careful management makes the fuel in the gas tank last onger too 
We cannot use a machine or any other nonliving thing to 
analogy tor the special store of adaptive energy which is available to an 
organism only as a last resort When stress in a local ’ 

ganism’s easily available energy, the organism becomes exhausted and is 
forced into inactivity while additional adaptive energy is mobilized from 
less readily adaptive stores However, when all the adaptation energy 
depleted, exhaustion of the entire organisrn occurs ,Hant,ve 

Lrvatlon. The above processes involved in the depletion o adaptive 
energy can be observed during starvation Weight is lost readily to a point 
at which the wasting of body tissues seems to stop At this ■ ‘f f'=<=d 

, , „oe.c,hlp If Starvation continues until weight loss 

IS supplied, survival IS possiDie ii v a 

u nt nf feed will prevent the animal s death Ap- 

besms aeain, no amount oi iccu ^ , r 

, ♦or-sm the body in addition to other vital functions, 
parently during the interim, ttie oouy, 

uses Its last store of adaptive energy 

CONTROL OF BODY FUNCTIONS 
Conservation of Energy 

Enervy conservation is important in dairying because the cow must 
transform so much of it by complex and perhaps seemingly ‘"efficient proc- 
esses Just circulating blood through the tiny capillaries of the udder-not 
to mention other parts of the body-requires a sensational amount of 
cnersv Over 7000 pounds of blood daily pass through the udder of an 
average 1300-pound cow Aside from other physiological, physical, and 
chemLl energies, this mere job of circulation dissipates the equivalent of 
100,000 foot-pounds of work daily 
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Homeostasis 

During the nineteenth century the eminent French physiologist Claude 
Bernard taught that one outstanding feature of living things is their ability 
to maintain constant physical and chemical conditions within their bodies 
despite environmental changes Subsequently Walter B Cannon the 
famous Harvard physiologist called this ability A good transla 

tion IS staying power Thus the body tends to resist drastic changes 

For example suppose one is losing weight The lighter he becomes the 
more diflicuU losing more weight becomes because less of the total nu 
tnenl intake is needed for maintenance On the other hand the larger one 
becomes the more difHcult it is to add more weight because with each in 
crement of added weight there is an increase in the amount of food needed 
to maintain the body 

Homeostasis coordinates all systems of the body — enzymatic nervous 
circulatory excretory endocrine digestive and so on Thus changing at 
mosphenc pressures do not cause reduction of the oxygen supply to the 
cells rather the> trigger protective mechanisms In this manner extra 
blood cells ma> be released from storage hemoglobin concentrations may 
increase and the activity of oxidation catalysts is likely to be accelerated 
Fluctuating environmental temperatures do not cause changes in the bod> 
temperature of homeotherms This is because the homeostatic mechanism 
sets thermoregulatory forces into motion Decreased humidity does not 
cause dehydration because moisture conservation is emphasized as a result 
of the em ironmental effect on the body as a whole 

Psychic Stimulation 


Many responses which influence functions of the body can be set into 
rr the ’’r 'f These may become cond.t.oned For 
her milk onl'” ft '""d ^ oomes into the milkini; barn she lets down 

AheTlvera nmes "-“-S' -i 

lions relative to th responds to the familiar sounds and mo- 

an,mau“:rchia:ett"^p:n;T:d''”"‘^^ Eapertmenta, 

upon being brought tnto the la Jratot^ T “P"'”"'"'" 
glandular secretions n-rv '^^ory Appetite digestion absorption 

b> mental ass^ZL be controlled 

The Conditioned Reflex A« 

reflex is one of the dairy manaeer suggested the conditioned 

rrly It can howeier be the cause '' P™P 

breaking and viciousness Such hah.t '"'t' kicking fence 

the stimulus since this mK K * u * can be broken by changing 
Srntle treatmem "ei'r„t,ar “"'>■'■'"’'1 rehex Thus constan.l. 
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The Autonomic Nervous System 

Many functions of the body are controlled by the autonomic nervous 
system One part, the sympathetic, promotes speed, whereas another, the 
parasympathetic, tends to hold back vital functions to prevent overwor 
This appLs to the eyes, the heart, the organs of digestion, secretions of 
glands, and conservation of nutrient stores in the body 

These actions may be partially explained by another analop to the auto- 
mobile The sympathetic nervous system may be likened to the apelerator, 
the parasympathetic to the brakes One can drive a car with one foot on the 
accelerator and one on the brake, and lessening brake-pressure or increas- 
ing accelerator pressure will speed the vehicle Conversely lessening ac- 
celerator pressure or increasing brake pressure wi s ow t e car us 
balances and counter-balances forces and counter-forces are at work 
When one considers that thousands of systems are so coordinated within 
each living animal, the implications of homeostasis, LAS, GAS, and stress 

are seen to be enormous . 

Furthermore, since the body operates through many opposing «- 

moval of some cause for abnormal reactions will not immedia c y normal- 
ize the body functions The situation is analogous to that of a swinging 
pendulum If the pendulum is released from one side it wdl not immedi- 
ately stop at dead center, but swings to the other side Thus returning 
to tL analogy of the automobile, we find that if more speed is acquired 
by accelerator pressure and the accelerator is suddenly released with the 
bmke still on, normal speed is no. resumed, but the ear s motion is ab- 
normally slowed down By the same token a cp without previous con- 

, ^ » tUp rnrrect amount of feed for maximum production 

ditionine cannot use the correci 

by simply becoming “overfed ” The same applies to unusual temperatures, 
humidity, and milking procedures-mcluding pmerous seemingly minor 
details such as the temperature of water used to wash the udder, the in- 
terval between milking, the position usually occupied m the barn, and the 
ingredients of the feed The dairy cow is known to be a creature of habit, 
and anyone who understands the nature of body functions can see why 

this must be 


Types of Stress and Stressors 

A h which sets the LAS or GAS in motion may be considered as a 
st ^ Not all stressors, necessarily, are objectionable Most forms of 
slressfell imo one of four general types 

Genetic stress, which exists because cattle have been bred to produce at 
^ I els far higher than was possible in their wild ancestors The mod- 
ern'cow is not a natural animal 
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(2) .\utTilioral stresj, the result of the tremendous feed requirements for 
modern milk production Here body functions in general are ac- 
celerated far beyond the activities required merely for normal main- 
tenance and natural reproductive functions This principle applies 
not only to the digestive system, but to all organs Moreover, high 
production increases not only the maintenance requirements, but 
those for the production of normal rumen fermentation, and makes 
coordination of the numerous systems more critical Frequently, too, 
the ration is not composed of natural substances but of by-products 
from the manufacture of foodstuffs For example, such produas as 
cottonseed hulls or ground com cobs may be used m some areas to 
replace part of the forages in the rations Such materials are lacking 
in pigments and minerals which are in the natural feeds Moreover, 
unidentified nutrients may have been removed from the portion of the 
plant material used as animal feed 

(3) Ueragmen‘al slras Modem systems of mass production, including 
crowded feed lots, rushed milking dehorning, vaccination, veterinary 
examination, hoof trimming, and other managemental procedures 
generally adopted for man’s convenience and profit, have added man- 
agemental stress comparable in its effects on the animal to emotional 
stress in human psychology 

(4) /)i;rarr, even low level, nonspecific mfcction. results in stress 


Although the importance of natural reactions should be obvious even 
from ihis short discussion, certain effects will be considered in more detail 
■n other parts of the book Clearly, any animal which must react to a 
stressor as to compensate by a reduction in functions of production and 
reproduction Hence, a wise manager cannot fail to be impressed by the 

importance of careful handling, clean quarters with proper ventilation, a 

good supply of pure water, and adequate rations and feeding facilities, as 
well a, eon.rol of disease, paras, „sm and even over-med, canon 




SPECIAL FEATURES 
OF RUMINOLOGY 


That cattle are ruminants affects their management more 
than anything else, and, as will be explained, accounts for their use in mar- 
ket-milk production Mare’s milk is more nearly like human milk than the 
milk of cattle, and as much as 77 pounds of milk daily has been produced 
by Belgian mares observed by Blechschmidt ^ Other mammals are also 
good milk producers Why, then, is the cow used for this purpose’ It is 
because, being a ruminant, she can change waste crops into food more 
cheaply and extensively than can any comparable animal Thus the leaf 
and stem portions of many crops which, directly, are of limited use to 
man, poultry, or swine, can be profitably utilized as food for cattle In 
this chapter the structure and function of the ruminant stomach as well as 
the related organs of the digestive system will be discussed, and the sig- 
nificance of ruminant metabolism will be indicated There are four 
compartments in the ruminant stomach the rumen, the reticulum, the 
omasum, and abomasum 

THE STOMACH COMPARTMENTS 

The Rumen 

Structure. From the standpoint of the entry of feed, the first compart- 
ment in the ruminant stomach is the rumen, and it is extremely large 
Sisson^ reported the capacity of the rumen of medium-size cows to be 30 
to 40 gallons This compartment is located largely on the left side of the 
body cavity In the new-born calf it is inactive, and accounts for only five 
to seven per cent of the total stomach capacity The rumen develops 
rapidly, however, and at maturity accounts for about 80 per cent of the 
total capacity of the ruminant’s stomach 

The walls of the rumen are very muscular, and normally they contract 
rhythmically, giving a rotary motion to the contents Pillars of muscular 
tissue divide the rumen into a dorsal, a ventral, and two posterior sacs 
Papillae line much of the wall, making the absorptive area very great 

Function. The rumen serves as a storage place for such roughages as 
ha>, silage, grass, corn shucks, and the like Moreover, the rumen is the 
11 
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fermentation compartment Thus m this compartment an opportunity is 
created for fibrous materials to soak and to be diijcsted b) microorganisms 
such as bacteria The coarser the feed the longer it sta)s in the rumen 
but all of it esentually passes on through the digestue tract Approxi 
mately 12 d pounds of uater and salua enter the rumen dail> 

U croorgan smsand D gtstice Procfsset The rumen microorganisms are single 
cells thus they can act directly on their environment to get food As bac 
teria obtain their nutrient needs from part of the cow s feed many changes 
occur to make the remaining ingesta more fully utilizablc by the animal 
Bacteria are plants which develop with amazing speed their population 
doubling every 20 minutes under favorable conditions The bacteria them 
selves serve as cow fcedjust as do other plants There arc also other kinds 


of valuable microorganisms m the rumen Some of the most important of 
these are protozoa (one celled animals) which are present in rumen fluids 
in tremendous numbers feeding on bacteria and changing plant nutrients 
to an animal form of very high quality Thus much of the protein eaten 
by the cow becomes animal protein in the form of protozoal cells— avail 
able to the cows body through digestive processes In this way all the 
essential amino acids are provided The B complex viiamms Vitamin K 
and various other nutrients also are supplied as microbial by products 
It should be noted that plant cell contents are exposed to the digestive 
juices produced in parts of the digestive system other than the rumen 
Thus energy may be released by bacteria! action directly or later by cn 
tymatic d.gtst.on howeter m tuher tvem ihc major work .molved in ihc 
releast of energy „ dependent upon rumen Tunctions 

r,n?’ processes the fermentation occur 

ring in the rumen results in the production of considerable gas Some of 

a dS IT 'r W respiration and in 

(metane clr T ’’a”'" 'arge part of such gases 

(methane carbon dioxide and others) are removed by belching 
.he?bTnTre’’the"'"' ,T' 6^'“ fast enough and 

cussed in Chapter’^ iTTcmlTsi'’ 

can be serious^ °''' ‘■'r' lhat this malfunction 

co„.inning 

speciesTvTTrpTnm"T°U,°lt';,g"^^^^ O'her forage consuming 

ment second However note that in thJ fernieniation compart 

comes first T*n compartment 

d.ftr.li <n«<folnerp(,s,e„„„„„,,, ^ ^rrowsoei™, cimlabt, to tht 

re dtgesltit system Hence a eery large part 
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of the feed of the cow can be roughagty and scientific cattle management must make use 
of this possibility 

The Other Compartments 

The Reticulum. The second stomach compartment, known as the reticu- 
lum, IS only partially separated from the first compartment — it joins the 
ventral portion of the rumen These two compartments often are referred to 
as the rumino-reticular cavity The lining of the reticulum consists of 
honeycomb-like tissues It functions m the regurgitation process and par- 
ticipates m digestive functions as does the rumen The reticulum also 
catches hard objects and keeps them from reaching delicate parts of the 
digestive tract 

Motility The cycle of rumino-reticuIar motility originates in the second 
compartment Rapid contractions characterize the initial part of the wave, 
a second movement following the first almost immediately These con- 
tractions force the liquid contents upward and toward the ventral sac The 
second movement is usually the more powerful, and so pushes the contents 
to the rear, resulting in a vigorous churning effect 

The Omasum. The total function of the third compartment, the omasum 
(shown in Figure 2-1), is probably not clearly understood as yet It allows 
passage of liquids and possibly reduces the size of feed particles, though it 
does not seem likely that this could be the most important omasal function, 
since this organ accounts for only about 7 to 8 per cent of the total stomach 
capacity in mature cattle, and hence food could not remain there long 
enough for extensive processing 

The location of the omasum is at the right side of the rumino-reticular 
fold (where the first two compartments join) It connects through a short 
free passageway Some of the laminae are studded with curved, horny 
papillae, as shown in Figure 2-1 The omasum removes much of the mois- 
ture from the ingesta, possibly by compression and absorption into the 
blood (Note the compressed feed between laminae in Figure 2-2) Al- 
though the omasum probably is a very important organ, its total function, 
as previously noted, is still somewhat of a mystery In addition to the 
other functions mentioned above, most likely some products of digestion 
are absorbed at this point 

The Abomasum. The fourth compartment (Figure 2-3) is the true 
stomach, or abomasum, which functions similarly to the stomachs of other 
species Thus in the abomasum food is mixed with gastric juices, and food 
particles are reduced m size before entry into the small intestine Most 
chemical digestion and absorption occur in the small intestine of the ru- 
minant as they do in other mammalian forms 

The abomasum is lined with epithelial tissues which are folded many 
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fenncntationcompanmem Thus in thi« compartment an opportunity is 
created for fibrous materials to soak and to be digested by microorganisms 
such as bacteria The coarser the feed the longer it stays in the rumen 
but all of It esemuall) passes on through the digestive tract Approxi- 
mately 12 d pounds of Nvater and saliva enter the rumen daily 

KftcToorganisms and Digestice Proeesus The rumcn microorganisms are single 
cells, thus they can act directly on their environment to get food As bac- 
teria obtain their nutrient n»*eds from part of the cow 's feed, many changes 
occur to make the remaining ingcsta more fully utilizable by the animal 
Bactena are plants which develop with amazing speed, their population 
doubling cver^ 20 minutes under favorable conditions The bacteria them- 
selves serve as cow feed just as do other plants There are also other kinds 
of valuable microorganisms in the rumen Some of the most important of 


these are protozoa (one celled animals) which arc present in rumen fluids 
ir tremendous numbers, feeding on bacteria and changing plant nutrients 
to an animal form of very high quality Thus much of the protein eaten 
by the cow becomes animal protein in the form of protozoal cells — avail- 
able to the cow 5 bod) through digestive processes In this way all the 
essential amino acids are provided The B complex vitamins, Vitamin K, 
and various other nutrients also arc supplied as microbial by-products 
It should be noted that plant cell contents are exposed to the digestive 
jmces produced in pans of the digestive system other than the rumen 
Ilius energ) may be released by bacterial action directly or later by en- 
2 )matic digestion, however, m cither event the major work involved m the 
release of energy is dependent upon rumen funaions 

nn ®^hcr fermeniivc processes, the fermentation occur- 

nng m the rurnen results m the produaion of considerable gas Some of 
a ° by respiration, and m 

tatAanr/T T T"'' A larg. par. of such gases 

(mc.hanc, carbon d.ox.dc and olhcn) are removed by belching 

.hS bTo«Te''.h"'"'’‘' u"'' fas. enough and 

can be senouf H ’ simply point out here that this malfunction 

re,eath:3d,\tr;reHe;“Ltr 

spe°,rha'“ croan'r’"", O.her forage-consum.ng 

Upon It The coccum of "h' of feed and for bacterial action 

mem for enzymatic *7* capacity with the compart- 
ment second However nnte*!h* fermentation compart- 

comes first This makes twiw/acn fermentation compartment 

and absorptive pmusief «f ts. ^ ’^^^o^^ga'iisms activity available to the 
y P the enure digestive system Hence a very large part 
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of Ike feed of Ike cow can be roughage^ and scientific cattle management must make use 
of this possibility 

The Other Compartments 

The Reticulum. The second stomach compartment, known as the reticu- 
lum, IS only partially separated from the first compartment — it joins the 
ventral portion of the rumen These two compartments often are referred to 
as the rumino-reticular cavity The lining of the reticulum consists of 
honeycomb-like tissues It functions in the regurgitation process and par- 
ticipates in digestive functions as does the rumen The reticulum also 
catches hard objects and keeps them from reaching delicate parts of the 
digestive tract 

Motility The cycle of rummo-reticular motility originates in the second 
compartment Rapid contractions characterize the initial part of the wave, 
a second movement following the first almost immediately These con- 
tractions force the liquid contents upward and toward the ventral sac The 
second movement is usually the more powerful, and so pushes the contents 
to the rear, resulting in a vigorous churning effect 
The Omasum. The total function of the third compartment, the omasum 
(shown in Figure 2-1), is probably not clearly understood as yet It allows 
passage of liquids and possibly reduces the size of feed particles, though it 
does not seem likely that this could be the most important omasal function, 
since this organ accounts for only about 7 to 8 per cent of the total stomach 
capacity in mature cattle, and hence food could not remain there long 
enough for extensive processing 

The location of the omasum is at the right side of the rumino-reticufar 
fold (where the first two compartments join) It connects through a short 
free passageway Some of the laminae are studded with curved, horny 
papillae, as shown in Figure 2-1 The omasum removes much of the mois- 
ture from the ingesta, possibly by compression and absorption into the 
blood (Note the compressed feed between laminae in Figure 2-2) Al- 
though the omasum probably is a very important organ, its total function, 
as previously noted, is still somewhat of a mystery In addition to the 
other functions mentioned above, most likely some products of digestion 
are absorbed at this point 

The Abomasum. The fourth compartment (Figure 2-3) is the true 
stomach, or abomasum, which functions similarly to the stomachs of other 
species Thus in the abomasum food is mixed with gastric juices, and food 
particles are reduced in size before entry into the small intestine Most 
chemical digestion and absorption occur in the small intestine of the ru- 
minant as they do m other mammalian forms 

The abomasum is lined with epithelial tissues which are folded many 
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Rgure 2 1 A longitudinal soction ef the omasum showing 
lominae extending downword from the top Note tough 
papillae at the top 
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Figure 2-3. Tissues of the ab- 
omasum; twelve spirals of mu- 
cus lining extend from the car- 
diac portion at the top to the 
constricted mid-portion. Tissues 
of the pyloric valve, which is the 
opening to the small Intestine, 
can be seen at the bottom. (Cour- 
tesyFIn. Agr. Exp.Sta.) 


, . p. , , and hence affords a considerable gland- 

times as shown in Figure 2-3, and 

containing surface Various enzymes „r the hydrochloric 

stomach Their action is controlled partially by that of the hydroch 
acid secreted by major cells near the pylons (the ^.nlly 

intestine). The acidhy of the inges.a regulates P^’^^hen 

digested food into the small intestine Hence t e allowing the 

the stomach contents reach the proper degree of acidity, allow g 

"whilrrumTnant feed is usually rough and fibrous 
sheaths and generally diffieult-to-digest constituents, rnec^ 
biological preparation of such feed by the first ‘hree eompartrnen. 
which it enters, puts the efficiency of digestion n ™e ^ 

ruminants at least on a par with the gastric functions of sing 
species 

the intestines 

. . . Tvert of the digestive 

Like the ruminant stomach, the intestines are a part 

system in the dairy cow. From the intestines most oi 
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absorbed into the body for metabolic functions aimed at conversion into 
energy, and the building of tissues, while at the same time waste products 
are prepared for excretion 

The Small Intestine 

The small intestine is a major organ of digestion and absorption in all 
mammalian species In the cow it is 120 to laO feet long and holds 40 to 
60 quans The antenor section is lined with secretory cells and the pos- 
tenor part contains many vilh by means of which a considerable portion 
of the absorption occurs Enzymes of pancreatic juicc, bile secretions, and 
those from intestinal glands attack every kind of food material which can 
be utilized by the animal 

The Large Intestine 

diffesfion Hrt-o ' Organs it secretes no enzymes, though 
aigeslion does continue to some extent .w ^ ® 

with feed re^idn.. e t Because of the enzymes earned in 

::tah'ev:'ater absor?rn""' ^ 

aspects of ruminant metabolism 

Rumination 

pr«es, fttod^aternhs rermed"fro^^^^^ I" *‘5 

by negative pressure This is accomnl . ' mouth— mainly 

chainofcventsbcBinninewith H ^ 'r ^ result of a synchronized 
IS followed by a fiZg lal °T Z*" This 

and a general contraaion of the lumino*’ ‘‘‘“P*'™?'"’ 
rcswallowcd immediately and thf < i j tissues The liquid is 

lowed, and subjected to fu’nherdigestZ'r/" f'”"* '‘’'’"’“Sl'ly, reswal- 

rellex is stimulated by fnction and * 'bought that the rumination 

amcnor wall of the reliculum P'^surc of coarse ingesta against the 

The Esophageal Groove 

The esophagus leads from the throat ,1. 

■he rumen high on ,he ameno, “™y and enters 

opening of the esophagus to the ''O'* '‘'O'" '*'' 

IZT’". of .issue ZrrZ''"''"" 

2-T), and when closed ihey takeZ r ''' '“P'’‘‘Scal groove (Figure 
"ophageal groove eaose, liquid °l “ •“*>' This closure of .he 

"gesta ,o bypass the first two compart- 
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Figure 2-4, The anterier portion of the rumino- 
reticular cavity. The esophogus is ot the top arid 
just below it the esophageal groove is shown in 
an open position. At the bottom of the esopha- 
geal groove, part of the reticulo-omosal orinee is 
visible. The papillated tissues at the top are typi- 
cal of the rumen. The hooeycomblike tissues at 
the bottom show the normal structure of the retic- 
ulum. 

ments Solid feeds seldom, if ever, pass through the closed groove because 
their weight causes it to open, spilling the contents into the rumen or 

reticulum „ , 

The mam Junction of the esophageal groove is to allow milk to go almost directly 
to the true stomach of the young calf This is particularly important during 
the first three weeks while the rumen is becoming functional In older 
animals, feed and water are swallowed directly into the rumino-reticular 
cavity This could make treating infections of the lower digestive tract a 
problem, since medicines given by mouth are likely to be diluted consider- 
ably before reaching the infection The problem can be handled quite 
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^^elt ho\%evcr by chemical actuation of the esophageal groo%e Ten 
milliliters of 10 pe-- cent copper sulfate given by mouth usually is satis 
factor) for this purpose 

Digestion of Nutrients 

The basic nutrients such as carbohydrates fats, proteins, etc , are a 
part of dairy cattle s daily requirements as they are in human beings and 
other mammals Hovsevcr the digestion of these basic foods does not in 
every case onginate in the same way in dairy cattle as it does in other 
mammals This you may have already anticipated because of the structure 
and physiology of the ruminant stomach 

Corbohydfote Digestion No cellulose splitting enzymes are produced 
by the cow s body All cellulose used in ruminant digestion must be of 
dietary or rumen microbial origin Thus some of the plant enzymes taken 
in with the feed may help achieve the breakdown of cellulose in the rumen 
It appears, however that cellulose digestion in the rumen occurs mainly 
as a result of bacterial metabolism The bacteria gam entrance at any 
point where there is an opening m the plant structure Hence physical 
factors including shredding and grinding may influence materially the 
extent to which roughage is digested Extensive action of this type occurs 
only in the rumen 

Ltinin The lignin in plants does not appear to be digested even by 
rumen organisms Hence the lignin covenng must be broken if bacteria 
are to reach and digest cellulose and other nutrients Thus soaking without 
the vigorous churning action of the rumen would be of httle help After 
the hgnm is ruptured the bactenal enzymes can digest the other feed 
components in the plants 

“I'” A' 

Starch can h f J product ol starch digestion is glucose 

hor^e ^t^L , Starch used rn the rumen, 

FuTw Ar,rp d ■" bactena 

hydrates is furihe'^h'°u A formed by digestion of complex carbo- 

prom n c and bm '>“>■" “'■'I’ rJnly acet.c, 

TaT- ^cse?cT' ■" 6’. 2° -d >5 per cem of the 

(Figures 2 5 and 2,61 ^ necessary to normal rumen development 

nitnen papillae either dirmwT W 

system* Generallv fs>.» j *>7 an influence on the blood vascular 
'otroyd in .Hrrot^nt' ruliTbatnaf'™'' 

parcntl) butvnc acid aU« ? action on various feeds Ap- 

' acid alto coninbutes to normal rumen functions ■ Th. 
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Fiqure 2-5. Rumens, normally papillated at fop, 
and with reticular tissues at the bottom. These or- 
gans are from normally-fed steers which were 11- 
months old. 


acid appears to originate partly from acetic acid and parti, from proteins 
produced by microbial action 

Protein Metabolism in the Rumen. Nonprotein nitrogen and carbo- 
hydrates from the feed are precursors of microbial proteins which become 
available to the host upon digestion m the true stomach and small intes- 
tine Anaerobic bacteria synthesize proteins from various nitrogenous 



Fioure 2-6 These rumens are almost completely devoid of normal papil- 
lae at the top. They are from 1 1-month-old steers vvhich never received 
solid feeds. The limited pap.llation on No 471 may have occurred as the 
result of fermentation of wood shavings which were used for bedding and 
consumed to a limited extent by all steers. Note normal reticulums at the 
bottom. 
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materials, including ammonia and urea The bacteria multiply very 
rapidly, reaching the maximum number m a period of ten hours or less 
following a meal 

Role of Protozoa Rumen protozoa multiply less rapidly than bacteria, 
and reach their numerical peak after the bacterial growth is maximum 
The protozoa then Iced partially on bactena and partially on residues, and 
thus manufacture animal proteins uhtek eonlatn all the essential amino aads A 
large pan of the dietary protein is thus broken dow n and resy nthesized into 
these essential acids 

Vitamin Synthesis The B-complex Mtamins and V'ltamin K in amounts 
adequate for the cow’s requirement, appear to originate m the rumen due 
to microbial actnity on carbohydrates, sulfur, and cobalt The cow s\n- 
thcsizes Vitamin C alfo, but this appears to occur m the body tissues 
rather than in the rumen 


Features of Ruminant Digestion Dairy cattle arc herbivorous animals 
They cat various forms of vegetation and live on a diet that would be 
according to human standards too high in carbohydrates However, 
because of the ruminant stomach, dairy cattle arc able to cat large quan* 
titles of feed and convert it into nutrients so that their bodies obtain a 
sumciem amount ol proteins and energy producing nulnenis for tissue building 
and maintenance of body funaions The tissues of the cow s body have 
about same nutritional requirements as those of other warm blooded 
sp«ies The rumen functions, however, make u possible to supply feeds 
which arc not usable by monogastric animals Rough feeds are broken 
into uy nutrients are changed by bacteria and protozoa 

as met, r ™’ raw malenals which, 

Neve^lT 

we ref rm ah T '’r'" >" -bsequen, drscnss.ons as 

the dairy cattle^ protem ecd we mean a high protein feed in terms of 
ordmarl hmk ’f ’..‘’"h ■>- wuh wha, we 

as a human being ’’ lt'',s also'’wonh '*"! organism such 

siderabfe energy I„ h,„h „ H noting that rumination requires con- 

placesaco„s,derab>edram^„ral3st?eTarpi:”^^^^^^^^ 



EVALUATION 
OF FEEDSTUFFS 


What is a feedstuff’ usually, the term is employed to denote an 
ingredient used in a feed mixture The specific characteristics of various 
feedstuff's are discussed in Chapters 7, 8, 9, and 10 Various chemical en- 
tities needed by the body and found m feedstuff's, are known as nutrients A 
feedstuff must contain nutrients, though a nutrient per se is not necessarily 
a part of a feedstuff, since various vitamins, amino acids, etc , are available 
as pure chemicals 


THE PROXIMATE ANALYSIS 

Usually feedstuff's are evaluated by the so-called “proximate analysis ” 
While the information obtained by this analysis may be of less value than 
the name of the process indicates, it serves the purpose of the herd manager 
By the proximate analysis the dry malter is separated from the moisture 
Though water is of extreme importance, feed generally li evaluated on the basis 
of its content of dry matter This is an especially important feature m the case 
of green forage, which may contain less than 10 per cent of dry matter and 
which frequently contains less than 20 per cent 

In another step in the analysis, the organic constituents are separated from 
the mineral matter Although an animal could not live without minerals, 
all energy directly available to the body is in the form of organic matter 
Organic matter is separated further into those substances which are used 
primarily for energy, the carbohydrates and fats., and those which are used for 
repair and building of cell structures, the proteins * Since nitrogen rather 
consistently makes up about 16 per cent of protein, this constituent (as 
crude protein) is determined from the nitrogen assay Part of the remaining 
organic matter, ether extract, is especially high in energy, ether extract, 
being mainly fat, contains about 2 25 times the energy that can be obtained 
from other organic matter Separation of the carbohydrates is done by 
actual determination of fiber The remaining part is considered to be 

•However, protein m excess of body requirements for repair and building of tissues can be 
converted to carbohydrates and used for energy 
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soluble carbohydrates includint, starches and sugars The soluble starches 
and sugars constitute the fraction of fecdstufTs known as NFL (nitrogen 
free extract) The proximate anal) sis of fecdstufTs is diagrammed in Figure 
3 1 

FEEDSTurr 


ORY MATTER WATER 


MNERAL MATTER ORGAWC CONSTfTUEMTS 


NOM NfTROCEMOUS 


TRUEPROTElfl NONRROTElS 


ETHER EXTRACT 
(CRUDE FAT) 


CARBOHYDRATES 


GUMS SOLUBLE 
PIGMENTS SUGARS 
(NFE) 


INSOLUBLE 

(RBER} 


Rgute 3 1 Proximal, anolyin of (eed.tuff 
EVAIUAIION OF NUTHIENI UTILIZATION 

tionabouLfecdsluff'thrmc'ihod of* """ mforma 

out some knowledge of the exieni to TlTT""" n''s''ading ""li 

feedstuff are utilizable by the bodv Th*" “ B"''"' 

ntitr,entutd,zai.on.soA/.e„„,d,,„,,L(; 

the fecal output from the feed innut Tb ‘‘'‘"'"’'"'‘i >>y subtracting 

ate 200 pounds of protein and 60 n a”’ ‘'’■"nog a test period an animal 
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this case IS 140/200 x 100 70 per ^*’P**^*^”^ ^'S^^*‘^dity of protein in 
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In a similar way the per cent digestibility (coefficient of digestibility) for 
NFE, fiber, and ether extract x 2 25 are added to determine the total 
digestible nutrients (TDN) TDN is a measure of the available energy of 
the feedstuff Available energy and protein are the mam factors considered 
in ration calculations Although other feed constituents are just as impor- 
tant, usually they are present when energy and protein are supplied in 
sufficient amounts 

The ratio of digestible protein to the nonprotein organic matter, includ- 
ing fat X 2 25, IS known as the nutritive ratio When the ratio is wider than 
1 6 appetite failure occurs in most species Thus some good cattle may be 
limited m opportunity to produce by lack of protein To make matters 
worse, if the nutritive ratio is too wide they may tend to fatten and give 
the impresssion that their ability is considerably less than it actually is 

Calves also may get too fat on a very wide nutritive ratio Cutting the 
feed of these animals lengthens their raising time, whereas adjusting the 
nutritive ratio may make it possible for them to join the milking herd 
sooner 


THE TREND TO MORE EXACT EVALUATIONS 

Since the designation “apparent digestibility” implies an approximation, 
which it IS, the TDN derived from apparent digestibility data is also an 
approximation This is important for the herd manager to know, because 
a misunderstanding of TDN and of the data derived therefrom often is at 
the bottom of mismanagement, though the results are not as detrimental, 
as a rule, as are various other factors of poor management Because of the 
need for more realistic and more easily applied values, the trend in animal 
investigations is now toward use of a more exact evaluation of feeds An 
explanation of additional terms will help to understand the present trends 
and how they apply to the management of cattle 

True Digestible Energy 

Metabolic residues, including worn-out cells, unused enzymes, bile salts, 
bacterial cells, and various other by-products of metabolism, usually appear 
m the feces Hence, there are some materials in the feces which were not in 
the feed If these metabolic materials can be determined and substracted 
from fecal contents to give the true feed residue, then feed minus true feed 
residues in feces equals true digestibility This is exactly the way in which 
true digestibility is defined in present texts on the subject Data based on 
this premise, however, are likely to be more misleading than TDN The 
reason is that gaseous wastes are not present in the feces They have been 
expelled, but their energy is still added to the so called “true digestible 
energy ” 
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Metabolizable Nutrients 

When gases and urinary residues arc subtracted, a measure of meta- 
bolizable nutrients is obtained If determinations are on the basis of calo- 
ries, the %alue is metabolizable energy This is a good indication of the 
\alue of feed and closer management of feeding will be possible when and 
if the metabolizable-nutnents content of a significant number of fccdstufTs 
has been determined 

The tendency has been to discount the impomnee of rumen gases, 
though they often contain as much as 4000 calories per day, which, as 
Brody^ has pointed out, comprise about one-third of the maintenance 
requirements of a 1200 pound cow Do not infer that the large proportion 
of rumen gases indicates that feed is being wasted bv the cow The rumen 
gases are derived largely from portions of the feed which could not be used 
by nonruminanis This shows, nevcnhclcss, that digestion trials which 
determine only feed input and fecal outgo tend to ovcr-cvaluate fccdstufTs 
m terms of energy, expressed either as calorics or as TD\ It shows also 
that energy figures which arc calculated from performance of cattle in 
terms of growth or milk production, arc likely to o\er-cvaluatc forages in 
terms of energy Such calculations arc further distorted by the cfTect of 
unidentified nutritional factors 


Specific Dynamic Action 

Th„ d„cu„,on would be incomplete without mention of another nutri- 
ent loss known variously as the heat mcremem calortgen.e elTecl of feed, 
ihemal energy, thermogenic effea, or spee,/a d)„omu mwn (SDA) 
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the metabolic process as a whole, and this includes the energy used in excretion 
of the end products It is not constant for any given feed, animal, nor time 
Futhermore, SDA can be measured only as heat At times, therefore, it is 
as much a waste product as is urine or feces However, from the herd 
manager’s point of view — and the cow’s — heat is heat and is welcome 
during cold weather whether it comes from SDA or other sources 

In our consideration of SDA it should be recalled that nature causes an 
increase in the tendency of animals to eat during cold weather This is 
good if extra feed is supplied, because at higher planes of nutrition, not only 
are more total nutrients available to serve as fuel, but a higher percentage 
of the consumed nutrients are converted into heat because the SDA increases 
with the plane of nutrition The important implication here is for the manager 
to understand that nutrient requirements are not standard, they vary with 
the process, weather, plane of nutrition, and type of feed 

A classical example of investigation into the operation of SDA is the work 
of Rubner* which has been part of the literature for over 50 years Why 
hasn’t more use been made of it^ Rubner’s work was done with a dog 
which produced 100 calories of heat per day when fasting One hundred 
calories of metabolizable energy were then fed in the form of lean meat, 
which IS almost pure protein, and the heat production went up to 130 9 
calories When 130 9 calories were fed 137 3 calories of heat were pro- 
duced Finally, on the seventh trial at 140 1 calorics of feed consumption, 
the heat production was about equal to the dietary intake It is important 
for the herd manager to remember that this occurs when protein is being 
used for the express purpose of supplying energy Remember loo that SDA 
IS heat, so when extra heat is needed, it can be obtained quickly from the 
SDA of additional protein On the other hand, when protein is used as such 
by the tissues, its SDA is almost negligible Therefore, when extra meta- 
bolic heat IS detrimental, protein should be supplied only m amounts which 
can be used for normal production, reproduction, cell repair, and growth 
Excess protein is deaminized, usually by one or more of the following 
means 


(1) Simple deamination 

CHj CHCNHj) COOH ^ NH, + CH, CO CHO 

alanine ammonia pyruvic aldehyde 


> CO(NH,), + CsH.jO, 

urea sugar 

+ 4 calories of heat per gram of nitrogen 
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(2) Oxidative deamination 

alanine + 1^0^ — ’ ammonia + CHj • CO COOH “• urea + sugar 

pynjvic »cid 

+ 4 catones of heat per gram of nitrogen 

(3) Hydrolytic deamination 

alanine + HjO — • ammonia + CHj • CHOH COOH — ’ urea + sugar 

bctic *cid 

+ 4 calorics of heal per gram of nitrogen 

The heal as indicated above accounts for about 20 per cent of the SUA 
In addition, there is considerable energy lost m excreting urea, as well as 
further enzj matic action on the other end products 

In similar ways it has bten found that SDA accounts for 15 per cent or 
more of fat and about 6 per cent of dietary carbohydrates Different re- 
searchers, using different reference bases, have found slighllj different fig- 
enV ■! the same /Vo/rtit latMm ij mpmstbU for most 

SDA M ,x„l, ,l«l/ or rxiro body hrol This can be useful or detrimental, 
depending upon conditions and management 
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Effect of Bulk. Of course complications occur due to bulk, which affects 
body fill The worst feature of this system seems to be a lack of flexibility 
m the reference ration If, for example, an oil meal is used to replace bar- 
ley, complications due to fat and protein content would be certain To 
overcome this difficulty, Kleiber'* recommended a mixture of casein and 
glucose for the reference feed Thus energy and protein in the reference 
ration could be varied to be commensurate with that of any experimental 
feed Protein intake is considered even with present barley replacement 
trials, and the system is in general use in Denmark, Norway, and Sweden 

Other Methods 

Depletion. The depletion method designed by Michigan workers^ is 
particularly well suited for evaluating forages This technique involves 
depleting lactating cows of their stores of milk-producing power by feeding 
only the forage under investigation Part of the basal roughage then is re- 
placed with an equal amount of TDN in the form of grain Hence grain- 
equivalent values can be determined The difficulty with this system is in 
the variability in individual reserves Depletion times vary from one week 
to several months Hence it is somewhat difficult to control depletion-type 
investigations, and the method has not been used extensively 
Starch Equivalents. Starch equivalent units still are employed m var- 
ious parts of the world They are used as a measure of energy in much the 
same way that TDN and ENE are Actually the original data for starch 
equivalents were based on net energy values They were converted to 
starch equivalents to make them most useful 

Eeedmg Standords. It seems obvious that nutrient requirements vary 
Reasonable figures have been delineated through various studies, however 
An extensive investigation recently was made by a committee on animal 
nutrition appointed by the National Research Council The results are 
presented by special permission m Appendix D Such tables, when used m 
conjunction with lists of feedstuff composition — one of which also is pre- 
sented in Appendix D, are known as “feeding standards” and serve as prac- 
tical guides for dairy managers However, they must not be taken as empir- 
ical values Feeding standards and nutrient requirements are discussed in 
more detail in Chapter 10 

Artificial Rumen Technique. Forage testing laboratories similar to pres- 
ent soil-testing facilities now are being established, and may be available 
universall) m the near future This is because laboratory methods are 
being developed to determine the nutritive value of feeds without the ex- 
pense of animal feeding trials 

The method showing the most promise at present is the artificial rumen 
technique, in which the actual rumen liquor is removed through a fistula 
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a permanent hole in the rumen which has been nllowctl to heal around a 
tube equipped with a cap (Figure 3 2) The digestive bacteria are supplied 
by removing some of the rumen contents through this tube to a container 
and small amounts of the lest forage are added to the container along with 
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Various experiments now in progress will help to refine these methods 
and to develop accurate determinations for voluntary consumption of the 
forage, also without feeding trials This is needed because present methods 
do not give individualized information on the constituents determined by 
the proximate analysis However, such methods can supply information to 
help the manager ascertain how to make the best use of the available for- 
age Thus, when one can have his forage tested for the amount his cows are 
likely to consume and for the amount that probably will be digested, it will 
be easy to calculate which supplementary feeds should be used Since the 
nutrient requirements for maintenance and production are known (Ap- 
pendix D), one can subtract the amount supplied by the forage from the 
total needed and determine what supplements are lacking and the quanti- 
ties required to insure that the cows have the right amounts of proper nutri- 
ents at minimum cost The actual mechanics of ration formulation as it is 
presently conducted is explained m Chapter 10 



t PHYSIOLOGICAL EFFECTS 
OF HOT WEATHER 


The previous ciiaitfrs hasp ivdicatfd that tut heat is tiif hairs 
MW s body is afTectcd by the heal o( the surroundini,s I el us clabonle 
The large amouM of feed required tor high milk production results in 
he production of eons.derable body heal Moreover fermenntion in 
""^bohsm and excretion o'wisle products all pro 
c cd at high rates thereby eausing an increase in body temperature To 

difficulty in dissipating body heal Thus hot weather is apt to limit 
produetton or tend to deplete the cow s store of adapttle energy In 

bear these frts'mTnd'r'h' The manager should 

during both winter and sLmcr" " "" 

effects of hot wShe'l buf'hrKn"' ''P'”’ physiological 
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considered ciTccts of cold weather arc 
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to increase 2 1 times ana me me reactions to 

2 3 times’ Alterations m body temperature thus caused 

vary just as they would have in nonliving systems , , ,he 

On the other hand, body temperatures of 
homotherms, remain al,.ost constant, as di- 

Hence m these animals the °^„/d/take place similar to re- 

rectly with the envtronrnent ^ Hoff law Thus although increas- 

actions that occur according to the Va necessarily cause a rise in 

ing temperatures of the env— 

.,,1, A»h.u,h...W,,.2. . 

a lO’C rise in environmental temperature hh ^ 
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thermal equilibrium 
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the poikilotherms We have p ^ Conse- 
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The homotherms remembered that their bodies must 

environment temperature The heat loss therefore must 

remain at ,,^ 3 , production Thus when the environment 

equal heat =>bsorptio P aeeelerated On the other hand, when 

IS hot. dissipation of he 

the environment chemical and physical principles that one needs to 

vironment restnc promote the tendency of homotherms to 

“rnTr thelnrequihbrium with their environment are as follows 
conduction, convection and radiation 


Conduction 

Conduction is a 
particle to particle 


Hence, heat is passed from 
of matter by an increase of activity If, for example, a 
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piece of metal is heated at one end the molecules and electrons at the point 
of healing are given extra kinetic energ\ vibrntop. motion I'hc heated 


panicles share their increased acttvits h, contact with neighboring par- 
ticles which m turn pass part of their ircrct«ed kinetic cncrg> to those 
bevond Thus the energv of agnation is transferred across the metal as 
heat The panicles of some substances arc set in motion more casil) than 
are tho>e of other materials, and hence art better conductors of heat 

\fetals, for example, are good conductors and woods are not If one 
touches a piece of hot iron and a piece of wood at the same temperature, 
the iron feels hotter because it conducts heat to the hand at a higher rate 
If the objects arc cold, the iron will feel colder because it conducts heat 
from the hand at a more rapid rate Air is a poor conductor compared to 
water This is one reason wh> cattle find some relief from the heat bv 
standing in a pond or stream 


An animal lost, heat b) conduction throu 5 h ns skm and throui-h ex- 
creted material Heat conduction is due to a proper^ of a material that 
allots s heat to pass ihroush it Esen though a bod) is impermeable to air, 
It may still hate the abiliiy to conduct heal The amount of heal ex- 
changed b) conduction „ goserned b) the folios., ng cqualion 


0. . td(T, - r,) 

cnlnnmiTT "c''' 'tansferred ssithin a 

Ae hen.c v" »' 'h' boJf 'htough sshich 

hrouith ri’i, pass ihiough a large bod) than 

.frufhrsranh:":’ --s , lough l ,arge than 

uhl^h a'cVoolfl"'®"'"' ' " ■" ""a' - "a'"’ 

wnicn arc good conductors and low, for j t. . . j 

being composed largclv of fluid, r 

large coefficient of heat trlsl L " “ ""a “ 'a'^D 
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conduction from the animal , v*"* cooling animals Actual heat 

compared to other modes of 

panicularly dunng the sunjiner when'll''^ ft may be important however, 
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Convection 

The nature of convection may be described easily by reference to a ves- 
sel of heating water (Figure 4-1). Currents are set up when the water im- 
mediately over the flame becomes hot This is because heated water ex- 
pands and becomes less dense The colder water then pushes the heated 
portion up and, taking its place, becomes heated in turn Thus as it rises, 
currents are established 



figure 4-1. Convection currents in 
a Laker of heated water. 


In the same way, air can circulate around any heating body, such as that 
of the cow If the heated air is removed quickly by fans, there is more 
tendency for other heated air to rise, and in this way moving air cools even 
dry-skinned animals by aiding the convection process Thus heat is picked 
up by moving air from an animal’s body and is transported elsewhere The 
amoLt of heat exchanged in this manner is governed by the relation 
d = CdrfT, - Tr) 

where Q, is the heat transferred per hour d is the surface area of the ani- 
mal, F IS the air velocity, and (T. - T ) is the temperature difference be- 
tween the animal’s skin and the air circulating around the animal The co- 
efficient a in the velocity term, K, simply indicates that the amount of heat 
transferred does not change directly with a change in air velocity The con- 
vection coefficient, C, depends on the characteristics of the skin surface of 
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the animal In the case of cattle such things as length of hair its thick 
ness and \vheiher it is curl^ or straight influence the \aluc of C Hence 
animals with short sleek hair guc up body heat to the environment more 
quickly than do those VMlh more of an insulating cover More heat is 
transferred from a large than from a small body Speeding up the air flov. 

V ill increase the speed of heat transfer but not in direct proportion 
Naturally the colder the airthe more quickly cooling occurs 

Air Movement Air movement over the skin of an animal can increase 
the rate of convective heat lost from the animal Kiblcr tl al * have re 
ported benefit from fans At 9o*F and with lactating Holstein cows a 10 
mph air movement from fans lovvered rectal temperatures by about 2*F 
from those observed with an 0 o mph air movement Brody et al ^ reported 
very little increase in millcproduction due to the effects of wind at environ 
mental temperatures of 80*F However definite benefits were noted at 
8o F It was observed that a and 10 mph winds recovered 10 per cent of 
normal milk production that othcrwrise was lost during exposure to 8a*F 
temperature and 6a per cent relative humidity (air velocity equal to 0 a 
mph) The 5 and 10 mph winds were even more beneficial at 90*F 


Radiation 

Radiation is the transfer of heat by electromagnetic waves across space 
A hotbody IS able to radiate because its electrons and atoms sibrate more 
rapidly and bence produce wares which travel away from the body U hen 

ortgmated they induce vibrations ,n the atomic structures of the cooler 
recemng body and this results in heat Thus heat travels from a warmer 

rromrh™'“ r ■■> > co'd 

Irom a hot wall to a cooler body 

JZZ‘,7 The tendeacy of a body to be affected b, 

"™,nedlarve,?rr“' »h.ch are de 

or emit electroLgnctic wa“ve7 
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The relation govern „g the rate of rad, am heat transfer ts given by 
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on how well the surface under Emissivity depends 

and often is a controllaKi t eration emits and absorbs radiation 

comrollable factor tn cattle comfort The term F involves 
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the shapes of the objects between which radiant energy is being trans- 
ferred, and T, and are the temperatures of the bodies between which 

heat transfer occurs r^. .. 

The sky is an important source of radiation because of its size To the 
north, however, the sky generally is cooler than the animal-surface tem- 
perature, and can be used to advantage to absorb radiant energy from 

the animal , , , ^ 

Effect of Surroundings Corral fences influence the radiant heat lost or 
gamed by enclosed animals, and the ground surrounding an animal is also 
an important source of radiation Measurements ma e y ttner, ^ ^ 
show that radiant energy from the lower hemisphere (immediate ground 
and surrounding crops) may be as much as 40 to 60 per cent as great as 
that from the upper hemisphere (sky) This radiation is due to the tem- 
perature of the ground surface plus the reflected energy from the sky 1 he 
characteristics of the ground surface have an important effect 
Studies at the Florida Agricultural Experiment Station show that during 
the day air temperature a few inches from the ground often is 20 F warmer 
than at 5 feet, but at night close-growing plants often are 10 F cooler than 

the temperature 5 feet above them ^ < nn « w 

One set of measurements in the Imperial Valley in California at 1 00 p N 
showed a total radiation intensity from the sky (upper ° 

BTU per hour per square foot (This amount of energy fa hng on 100 
square feet would be enough to run a 1 5-hp electric motor ) it is s y 
condition existing, it was found that the total radiant energy from bare 
ground (lower hLisphere) amounted to 277 BTU per hour per square 
foot, and from a field of alfalfa 198 BTU per hour per square foot The 
alfalfa covering decreased the ground radiation by 28 5 per cent In the 
same location tith air temperatures of SVF the following ground tempera- 
tures were observed 

Hard ground, trampled by cattle 124 F 

Hard ground m road lao'F 

Softground not trampled by cattle 1^2 r 

Dry rotted manure in feed lot 148 P 

These figures indicate the relative ability of different ground materials 
to conduct and radiate heat Brody, el cl have determined that the ef- 
feet of radiation intensity on milk production can e rastic 

achieving productivity 

The zone of thermal neutrality for milking cov« was 
tween 30* and 60“F, depending on breed and level of production TAr^a/ 
nmlrcl.ly ,s the range of environmental temperatures at which heat pro- 
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duction IS equivalent to heat removed b) physical processes Chemical 
regulat on is unnecessary and the animal feels neither too hot nor too cold 
It IS analogous to the comfort zone for man (72* to 8o*F) which is used 
m air conditioning engineering However other physiological factors are 
involved m achieving satisfactory milking results and these factors make U 
unnecessary to maintain such low temperatures 

Ragsdale tt al ^ reported a drop in production beginning at about 
80 F for Holsteins and 85*F for Jerse>s McKenzie and Berliner® hasc 
shown also that reproductive functions of rams decline at about the same 
temperatures 

The effects of heat are tempered by humidity because the conduction ca 
pacity of the air is increased and because the loss of moisture from the 
skin is depressed as humidity increases At a relative humidity of 44 per 
cent or below temperatures up to 8a*F arc likely to cause only slight de 
dines in productive processes High relative humidity however causes 
distress during hot weather and makes relief more difficult Moreover 
during cold weather high humidity makes it harder for dairy cattle to keep 
warm because the increased conductivity of the air causes heat to be re 
moved from the body more rapidly 


Aid of Physiological Factors 

ture ** niaintained at an almost constant tempera 

faemr^ P arc upheld by the following physiological 

the totd^vo^rlime ** somewhat during the summer thus increasing 

iurtree "“■'“"5 ■' hea, Xo be earned to the 

to‘the!“rfa'crSter 1 ' T""7 “''I" "> P^-^P 

from the surface tha " ^ * mned species when more heat is absorbed 

pulse ra, ;:" f/L'e'p S''/ ‘"r 

during the w,mer’’Xr«s'mo^rn"s“hdfi '' '"h" 
:eaL"'atdte„rtrr'"““™ 

saved for other purposes necessary for these processes can be 

Jy' leather Less ^etabobs. ts neces 

(a) The adrenal and thvroid l» 

and to cho! ne thus stabilizing change in relation to each other 

activity weather metabolic rates and nervous 
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(6) Since blood volume and circulation routes vary, the extent of the 
peripheral vascular bed vanes to take care of the changing conditions 


Ad|ustments to Stress 

These adjustments occur normally when the change from cold to hot en- 
vironmental temperatures is gradual, however, when cows m climatic cham- 
bers were subjected to sudden increases in temlieraliire, production usually dropped 
very rapidly Gradual changes have resulted m slower and less sevtirc re- 
duction in milk output In fact, dairy cattle at the Georgia oasta am 
Experiment Station were able to maintain high production during hot 
weather when no shade was provided ^ These animals had access to s a e 
on a free choice basis for several months, however, before assignment to 
experimental groups 

Additional research on preconditioning for hot weather is needed, yet 
It seems logical that if relief can be obtained periodically that conditio^ning 
can occur gradually with no drastic detrimental effects How much dram 
the maintenance of summer conditions puts on the store of adaptive energy 
needs further investigation Although adapted cows on the experiment in 
Georgia’ maintained high production, they appeared to be uncomfortable 
and exhibited abnormally high rectal temperatures No doubt there was 


an increased drain of adaptive energy , o u 

Advantages of Evaporation. One important factor that aids the cow m 
adjust to heat stress is evaporation Heat energy is needed in the tran 
sition from liquid water to vapor and must come from some source by one 
or a combination of the modes of heat transfer The rate at which heat is 


removed is expressed as 

d = A'dl"A(/’, - P) 

where again 0 is the quantity of heat lost per unit of time, V is the velocity 
of the air A is the area (this time of the surface, because that is where 
evaporation occurs), and X is the latent heat of vaporization-, e , the 
amount of heat required to vaporize a given amount of liquid In the case 
of water this is 1050 BTU per pound (/>, - P) depends upon relative 
partial pressures of water vapor at the animal s surface and in the sur- 
rounding air (thus humidity plays an important role) The evaporative 
constant A' like the convective coefficient, is affected by the type of sur- 
face and Its directional relationship to the flow of air In this relation, n 
IS entirely similar to that m the conveettve relation shown on p 33 The 
heat used in the evaporative process, \, comes from the animal s body and 
from the environment 

h IS not unusual for a human being to lose as much as three quarts of 
liquid per hour by perspiration Above 100"F almost all heat dissipation 
in freely sweating species is by vaporization 
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At 104*F the hurmn hod', ibsorbs is much licit from the environment 
as It produces Hence therm jKsis is 200 per cent of thcrmo{;cnesis Nor 
mal output at such hiqh tcmpcnturcs is possible only bcciuse of viponzi 
tion Kuno’ pointed out that the cnticil tempenture for ssscitint; m man 
was about 29*C (or 84*F) Later Lrickson rt a! ^ reported it to be closer 
to 26’C 


However cittle are not profusely svscitint, animals since they have few 
functional sweat glands Most of the vaporization therefore is from the 
respiratory passages Brody* pointed out that this puts cattle at a distinct 
disadvantage since profusely sweating species dissipate two thirds of their 
heat controlling moisture from the surface of the skin I his is not to say 
that no moisture is lost throut,h the skin of cattle Mitchell and Hamil 
ton" noted that steers lost la per cent of iheir heat by vaporization at 
43*F More than 42 percent was lost in this way at ('9*^ 

Moisture loss docs not increase much above that temperature however 
Brody pointed out that at an environment of 80*1 the temperature of the 
cow already was above normal This is about the point at which produc 
tion usually begins to decline Reduced production generally has been ac 
companied by lowered feed consumption Lack of feed is not at the root 
of the problem however since production often decreases before appetite 
IS affected Nevertheless forage quality is likely to decline during hot 
weather and unless this is taken into consideration undernulrition still 
may be involved 


Countermeaiuret ter Heol Sliess Mihough the magnitude of the differ 
ence between body and environmental lemperaturcs determines by physl 
cal means the rate of heat lou the rate of heat /.mdirl,™ in dairy cattle 
must be determined in parr at least by the Uul of production Hence the 
S" which 1 , feastble cannot be dchned easily 

although fundamental animal mformalion can help Nevenheless above 

and/o ‘the ''"'’’r-'"' P™"sses must decline unless physical 

pemture 1 ™ployed Below the erttmal tem 

c7, Z o largely by chemical reactions 

IS cMlins wilh ° * r most important countermeasures lo heat stress 
eff«re ,r 'Pnnk'.ng ro be very 

cially when a gen.le\reere°alL'lT;r.def 
noo,s“'prmklers' a’^J’d flnf l’ “ ''“P'"? concrete 

sibly could go a long wav lowI^H movement of air pos 

niilk production at Last by makin/Ih of summer slump m 

conditioning gradual thii7 S the transition from cold to hot weather 
Since sprLLing 

b P ally if accompanied by the use of fans reduces 
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body temperatures drastically, care must be taken to prevent chilling 
Considerable pneumonia has occurred from cooling over-heated cattle too 
quickly 

Air condiitomng and Rdaled Techniques Air-conditiomng for cattle, though 
not yet technically feasible, often might be effective by reducing environ- 
mental temperatures only slightly Moreover, it may be sufficient to cool 
the manger only to supply cold, dry air for breathing Any air-condition- 
mg system designed for dairy cattle, however, must embody important dif- 
ferences from conventional systems Present air-conditioners recirculate 
much of the air in the cooled space In dairy structures, dust and am- 
monia m the atmosphere would require the use of large, special filters and 
possibly of noncorrosive cooling and duct surfaces If only the manger area 
IS cooled, moisture from respiration still will create a special problem 
It might even be necessary to avoid recirculation and to use 100 per cent 
conditioned fresh air 

From the foregoing it seems obvious that air conditioning or a system 
of sprinklers and fans could allay much of the hot-weather slump in milk 
production The extent to which these processes can be used profitably 
has not been determined 

If relative humidity is low, the temperature msidc a building can be 
reduced directly by evaporation of water Evaporative coolers consist of a 
metal cabinet filled with a fine absorptive substance which has been wet 
thoroughly Air is pulled from the outside through the moisture laden 
lining and into the room Thus direct evaporation of moisture offers a 
fine system for cooling buildings including cattle barns in dry climates 
It IS not practical in damp localities, however 

Other applications of basic principles which seem sure to help include 
(a) shade shelters, (b) a convenient supply of shaded water, (c) calving to 
cause peak production during cool v/eather, (d) proper feeding, and (e) use 
of greenchop and night grazing 

Shade Shelters Shade shelters generally are rectangular, and hence pro- 
vide shade for more hours of the day if they are placed m an east-west 
position On the other hand placing them so that the length faces the 
trajectory of the sun reduces their effectiveness However, this placement 
provides a considerable amount of natural disinfection, since the entire 
sheltered area is likely to be irradiated daily Plastic shades stretched over 
inexpensive wire supports are effective, though their emissivity is con- 
siderably higher than is that of bright metals 

Galvanized iron or aluminum costs more than plastic, but these metals 
can be made into permanent shelters Thc> are low in emissivity and 
hence do not absorb as much radiant energy as do most other materials 
The emissivity of the side next to the cows can be increased by coating it 
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with asphalt or with other materials which absorb radiant heat easil> 
Thus these shelters can be made to resist ndiant heat from the outside 
while absorbing heat from the cows and the ground 

Painting the upper side with chalking white punt results in lower roof 
temperatures The correct height to allow for efTcctivc convection currents 
IS about 12 feet and this height is suggested for use in the northern pan of 
the United States In the southern sections where the sun s rays slant at a 
greater angle the roofs should be only high enough for most machinery to 
operate under — unless air circulation is considered especially important 
In this case some compromise will be necessary An area of at least 60 
square feet per cow is desirable to prevent crowding Shelters of this type 
appear to reduce the radiation heat load on cattle about oO per cent 

In the South self feeding hay barns with covered feeding areas have 
been used to re! eve some heat stress The only objection is that such 
structures cannot be open on all sides and hence removal of heat by con 
vection IS inefTcctive as compared to shelters even very low ones having 
cross ventilation 

Tht Haitr Re(]urmeni Another consideration is the availability of an 
adequate supply of water During the hottest months the mam leafy 
roughage usually is one of the permanent pasture grasses These arc rela 
tively low in moisture content supplying an average cow approximately six 
pllonsofwatcr daily compared toas much as la to 20 gallons from succu 
lent cool weather forages This is complicated further by the fact that hot 
vveathcr causes an increase m the animal s requirements for water as 
shown in Table 4 I Yet they will walk no more than a few feet for it 


Table 4-1 Gollons of Water Reqv red by Cottle— Prov d ng 50 Pounds of FCM 
Do ly ^ 


Bodr Wt 
(1b>) 



T.mp, 

o»vre t®F) 



800 

1000 

1200 

1400 

1600 

172 

17 8 
18J 

19 5 

20 2 

180 

18 8 
195 

20 6 

21 3 

20 3 

21 1 

22 0 

23 2 

24 0 

228 

23 8 

24 7 

26 2 

27 2 

80 

25^ 

254 

27 5 

29 2 

30 3 

90 

31 6 

33 2 

37 1 

37 1 

38 7 


than during s'aiions are necessary during hot weather 

Propen, =s of feed o°her ,h^ ' 

ability of caule ,o w„hs, and warm JLtar'"' 



ACHIEVING PRODUCTIVITY 


41 


Uul of Feed.ns Dverfeedmg, particularly of proteins is objectionable 
because of the accompanying increase in the heat incidental to the to 
function of feed utilization As previously explained (page 24), the erm for 
this extra heat increment is “specific dynamic action You will recal 
that SDA IS measured as heat, and it vanes with the type and amount of 
feed as well as with the process for which it is to be used Since SD 
produces heat, it may be helpful during cold weather, but generally be- 

comes a waste product during hot weather » . „f 

Efic,ofF,bo, Fiber intake likewise is important, since fermentation of 
this feed component usually is accompanied by excessive rumen heat 
Work by Peters, el al at the Texas Agricultural Experiment Stat on. 
College Station, showed that cows were cooler on low-fiber than on h g - 
fiber rations This determination was made on the basis of respective pulse 

rates, respiration rates, and rectal temperatures ~toKr»lir 

Othr Com.d,rot.cm High production causes an increase in metab c 
heat, and if the weather prevents removal of waste ' 

suiting at least in a reduced level of production are inevitable When pos- 

sible, the calving season should be confined to the fall 

production will occur during the winter Usually new grasses in ‘he spring 
will cause a second stimulation which keeps 

weather, when from the cow's point of view low ^ 

period) IS Ideal Of course the base period and demand for '™P" ^e 
application of this principle Since the amount of milk ^ahv red 0 the 
plant during the base period determines argely the price fot 

during the entire year, the highest feasible production is m order, even 

if this occurs during hot weather u* r ^ 

Producing cows do three-fourths of their grazing at night ,f given a 
chance Hence, green chopped feed supplied in a shady place c ose m 
water will keep roughage consumption high during the day and a. night 
pasture can furnish the remaining roughage Only high quality forage can 
be expected to produce the desired results Since the quality of permanent 
„ 11 flurinc the summer, the annuals are recom- 

Sd^bl :re^ndUnchopdurmghotw 

quality is maintained, extra portions of palatable concentrates will be 
necessary 
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OF COLD WEATHER 


Altholch the cow is by nature a good cold-weather animal, Re- 
duced milk output may be expected Anting sudden cold snaps Field reports 
show that such losses amount to as much as 26 per cent of the cow’s daily 
production An understanding of why sudden cold weather is detrimental 
to milk production, whereas normal winter weather is beneficial, will en- 
able the herd manager to work with nature during this season to keep 
production at a norma! level 

PHYSIOtOGtCAl ADJUSTMENTS 

In Chapter 4 wa described how the cow’s body was aided in its adjust- 
ment to the stress of hot weather by certain physiological changes Now we 
see that most of the factors outlined tn the previous chapter (page 36) ap- 
ply in rrirr.r to cattle under conditions of possible cold stress Thus as the 
weather becomes colder, the following physiological adjustments can be cx- 

I'-npattn"" "> 

(a) an increase m subcutaneous fat 
Jb) a decrease in ihe vascular bed ’ 

XiTlr^U "a"' '■>' 'I'y "aturc, tend, to 
retain more dead air next to the skin, 

thcn°i^!,r.y,°OT"i^k™'mrh “P condition 

sidcrable rfMri j pauerns which hold con- 

sh.»c„tgt“d,„:r.t?„“ ""i" '"’“-"s p~p-'" 

po!lulaiedbVB\a«e'?'iha°m°I,’"'' 
body .cm^rainrc 

ably the actual biochemiMif chemical reaaions Prob- 

unctioiu incident to feed utilization vary 
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little with environmental temperatures Rather it is the body s reac- 
tions which fluctuate depending on whether the metabolic heat can be 
used to maintain body temperature or whether it must be dissipated at 
the expense of energy Rubener^ found that 320 grams of meat con- 
sumed by a dog at TC caused no increase m heat production, whereas 
the same diet at 30"C resulted m a 50 per cent increase It was 
theorized that at 7"G basal metabolism was higher and the extra heat 
of SDA replaced some of the heat of chemical regulation 

(4) During cold weather more of the body’s fat is kept in liquid form for 
ready metabolism 

(5) Appetite increases at low environmental temperatures 

As weather gradually becomes colder, thyroxine production is stepped 
up This hormone stimulates general metabolism It causes more feed to 
be consumed, and speeds up the rate at which feed is used {and heat pro 
duced) in the body Thus when other conditions are favorable, milk pro 
duction IS likely to increase and the cow ts warmed by metabolic heat 
As mentioned previously, cattle are a minimum-sweating species How- 
ever, they do have sweat glands, the effect of which is small These sweat 
glands are apocrine and have a poor blood supply The secretion of cattle 
sweat glands is largely mucopolysaccharide ’ Chlorides do not appear to 
be secreted, and little moisture reaches the surface via these glands In 
fact, the skin usually is dry Thus wind alone does not have a drastic ef- 
fect on heat dissipation Although some heat is removed by convection, this 
is seldom harmful 

extreme cold 

For all animals there is a zone of thermal neutrality Within the range 
of the temperatures in this zone, the environment is such that the body tem- 
perature remains normal without chemical regulation and the animal feels 
neither too hot nor too cold 

Below the critical temperature ph>siologieal adjustments cause more 
heat to be generated and conserved in the body However, it is possible 
for the cm ironmental temperature to become so low that the bod) -regulat- 
ing mechanisms no longer can cope with the cold Then the body tem- 
perature becomes subnormal and production decreases sharply Just what 
this temperature is depends upon several factors 

(1) Maturity ,mmaiurc animals hn^c a smaller ihcrmogcnic rescr\c thin 
mature ones Hence thc> need more protection 

(2) The TTfchanim dr> -skinned animils snnd cold xseather bel- 

ter than profusel) sweating species 

(3) lieiattve kumtilitr "hen humidity is high the hur and skin co%cring 
conduct heat from the body more readtU than when the air is dry 
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(4) Tht shn (ocenrg heavy, dry hair arranged to enclose the maximum 
dead-air space increases the thermogenic reserve over that occurring 
with sleek haircoats 

(5) Pat 0 of surface lo wngit large animals have less surface in relation to 
weight than do small ones and thus can conserve heat somewhat bet- 
ter This IS tempered to some extent by the fact that basal metabolism 
also IS a function of surface, and hence large animals produce less heat 
in relation to body v. eight than do small ones 

(6) Tke anginal body tmptta^un in the case of the cow, normal tempera- 
ture IS quite high — about 102*F Hence the tolerance to cold is some 
what greater than in many other species 


MANAGEMENT MEASURES 

Function of Shelter 

Moist-skinned species can become chilled easily in a cold wind Cows 
arc subject to this source of chilling too if they arc unsheltered during cold, 
blowing rain The mam purpose of winter cattle shelters is to keep cows 
dry The next most important function, wind protection, can be provided 
b> a large open shed Usually, three sides arc walled, and one side re- 
mains open The adequacy of open sheds has been proved by research at 
various expenmeni sutions !n general, cows housed m open sheds had 
keener appetites and consumed more roughage than those kept in closed 
barns As long ago as 1907, Waters* noticed that cattle wintered out- 
doors in Missouri did better than those m conventional bams Dice* has 
shown also that dairy cattle wintered outdoors (at 9* to 27*F) produced as 
well as comparable animals kept indoors This should be expected, since 
Jordan* demonstrated that dairy cows generated 5o to 8 d per cent more 
heat than they needed to maintain normal body temperatures 

In some, but not all, loose-housing systems for cattle, more bedding is 
required than in closed bams, however, cows are easier to keep clean m 
open sheds than in closed bams When open sheds are used, it is advisable 
topanmon off a small area at one end for confining cows which are to be 
segregated for vetennary attention or breeding 

Cattle wintered in the open need plenty of room because there is more 
tenden^ to exercise From this standpoint (and biologically speaking) 
closed bams with heat regulation may be better However, the economics 
fi ***'* Sucstionable, and since bovine physiology ‘S 

fb.- h t ^ adapted for cold environments, the open shed seems to be 
the best answer at this time ^ 

Emergency Measures 

wcat^hcTTfihr'^ 'ery important in the adaptation of cattle to cold 
eaihcr changes gradually, the body chemistry will adjust 
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(4) Th> shn covenrg hca%y dry hair arranged to enclose the maximum 
dead air space increases the thermogenc reserve over that occurring 
with sleek haircoa s 

(а) Ratio of surfoit to wngnt large animals have less surface in relation to 
weight than do small ones and thus can conserve heat somewhat bet 
ter This is tempered to some extent by the fact that basal metabolism 
also IS a function of surface and hence large animals produce less heat 
in relation to body weight than do small ones 

(б) The anginal body tmpeTolure in the case of the cow normal tempera 
ture IS quite high — about 102*F Hence the tolerance to cold is some 
Vi hat greater than in many other species 


MANAGEMENT MEASURES 

Function of Shelter 

Moist skinned species can become chilled easily m a cold wind Cows 
are subject to this source of chilling too if they arc unsheltered dunng cold 
blowing ram The mam purpose of winter cattle shelters is to keep cows 
dry The next most important funaton wind protection can be provided 
by a large open shed Usually three sides are walled and one side re 
mains open The adequacy of open sheds has been proved by research at 
various experiment stations In general cows housed in open sheds had 
keener appetites and consumed more roughage than those kept in closed 
barns As long ago as 1907 Waters* noticed that cattle wintered out 
doors in Missouri did better than those in conventional bams Dice* has 
shown also that dairy cattle wintered outdoors (at 9* to 27*F) produced as 
well as comparable animals kept indoors This should be expected since 
Jordan demonstrated that dairy cows generated 5 d to 8a per cent more 
heat than they needed to maintain normal body temperatures 

In some but not all loose housing systems for cattle more bedding is 
required than m closed bams however cows are easier to keep clean m 
open sheds than in closed bams When open sheds arc used it is advisable 
to panmon off a small area at one end for confining cows which are to be 
segregated for \ eiennary attention or breeding 

Cattle wintered m the open need plenty of room because there is more 
tenden^ to exercise From this standpoint (and biologically speaking) 
closed bams with heat regulation may be belter However the economics 
c bams is still questionable and since bovine physiology >s 
^ adapted for cold environments the open shed seems to be 

the best answer at this time ^ 

Emergency Measures 

wcaihc^u'^l'^" very important m the adaptation of cattle to cold 
weather changes gradually the body chemistry will adjust 
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to the changing environment If the change is sudden, however, emer- 
gency physiological measures must be taken There are various reasons for 
this Thermogenic (heat-producing) processes are stepped up by different 
chemical means aimed at producing an increase in epinephrine with all its 
side effects In this way blood is diverted from the surface, preventing the 
loss of some body heat At the same time, however, there is a reduction in 
productive and reproductive processes because blood is diverted also from 
the udder, genital system, and digestive tract 

Several management countermeasures can be employed Cattle m the 
open can be warmed by solar radiation even on fairly cold days Animals 
constantly housed can be helped by proper attention to insulation Poorly 
insulated walls and ceilings give an unpleasant sensation of cold because of 
the transfer of radiant energy to them from the animal body Room air at 
SOT with walls at TOT feels as warm as air at 70T with walls at 50“F 
Hence if cattle are confined, good insulation will contribute materially to 
their comfort 

Varying the composition of the feed mixture can help reduce the adverse 
effects of changing weather A large part of consumed nutrients fail to 
show up later as milk or meat Feces, urine, and gases account for a large 
part of the nutrients which disappear along the way 
A considerable amount of energy is used to motivate the metabolic proc- 
esses This energy dram (SDA) is difficult to measure As we learned in 
Chapters 3 and 4, the mam excretory product of the SDA process is heat 
Hence it would seem wise to increase SDA processes during cold weather 
and to reduce them n the summer This is one of the things nature has 
accomplished by varying the thyroxin activity throughout the year When 
more thyroxin is formed during the winter, the nutrients are metabolized 
faster and heat formation increases far more rapidly than can be accounted 
for directly As explained in Chapter 3, a higher plane of nutrition gen- 
erally leads to a higher SDA and hence to increased heat This heat, which 
'vould be a waste product during hot weather, actually can keep cows 
warm during the winter 

In addition to increasing SDA by increased feed consumption, SDA 
heat can be increased quickly by varying the ration qualitatively There is 
an SDA for all major nutrients, but it is most pronounced in the case of 
Proteins This is true especially if protein is available m excessive quanti- 
ties The reason for this is that the body cannot store extra or misfit 
amino acids, and they are changed to sugar In this process a great d I 

of heat IS formed But isn’t excessive feed, particularly excessive nr 

\\astefuP It certainly is, biologically speaking at least If „ vijj 
hold milk production at a profitable level, however, use of extra ^ ^ ^ 
this way is easily justified economically in 
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It must be recalled aho that excess protein rmv cause extra heat during 
the warm seasons At this time of >ear the protein must be kept as close as 
possible to the actual nutritional requirements Refer again to Chapter 3 
more detailed discussion of plane of nutrition and other phases of 

In the «imer the cow has to warm all the water she consumes and this 
eqotres con.tderable metabolic beat I, „ worth, of mcnt.ontng again 

tZ « 20 gallon, of water taken ,n as green feed 

from lom/t* ” ' /™m lerrreiief Mr inlatr of dry maUr 

uZl7 •'»" 1‘nod, If Zr, rrrrrr 

.blepamofmoehTH"''' 'O'"'" ■>> ■"■'■g- 

thus ns heat loss per umroTboT * cfTcciive surface area and 

during ittmlj cold uealhe if. r ^ "fight will be increased Rations Jor use 
unu!jbuiy ^ in metaboU^ahle energy per 

ogyean gUevta™m«ro°nhTproblems^ 

The problems of weather 1 f'""! cold weather efTect! 

thecountrydonoitnvolieke^omndV^''^ production in most parts of 
Dair> cattle adapt easily to coW k” * animals warm during the winter 
cal principles can present extremt'rf" application of ph>sioIogi 

suddenl> The most senous problem ’**7” 

tng herd P tmoKcs summer comfort of the milk 
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In chapter 1 we investigated the effects of physiological and en- 
vironmental stress upon cattle as well as the importance of adjustment 
to stress You will recall that the survival, reproductivity, and productivity 
of the cow are adversely affected by improper adjustments to stress Then 
in Chapter 2 we developed certain physiological principles of ruminology 
that influence the dairy cow’s capacity for adjustment Chapter 3 was de- 
voted to how to evaluate feed, its basic components, chemistry, and energy 
value — the emphasis being on basic principles of nutrition that can be ap- 
plied in different environmental situations In Chapters 4 and 5 the dairy 
cow was viewed in its natural environment, and the conditions of stress 
caused by hot and cold weather were considered Now we are ready to 
study a function of the cow that belongs to the sphere of production, i e , 
lactation 

Although the physiology of lactation is discussed thoroughly and well in 
various other publications,^ ^ the student of dairy-cattle management must 
Iteep all principles pertaining to the production of milk well in mind 
Therefore, a brief general treatment of the principles involved is not only 
appropriate at this point but also highly desirable, since by such knowledge 
the manager is able to avoid many conditions of stress arising from lacta- 
tion and thus to increase milk production 

THE UDDER AND AlllED STRUCTURES 

The supporting structures of the udder arc of special importance to the 
dairy manager because defects in this part of the system are detected fairly 
easily The udder’s mam supports arc the two medial suspensory liga- 
ments, which divide It into hahes One of these tough ligaments is at- 
lached to the inner side of each half of the udder Each ligament com- 
pUtcly cours its inner half, or comparlmcnt, and extends upward, where it 
>S attached firmly to the pubic bone (Figure 6-1) The two medial suspen- 
sory ligaments are then fused together for additional support 

Returning to the inner compartments, we find that from the lower end of 
each medial ligament, fibers extend out across the bottom of the udder 
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Figuf* 6-1 TheUdd«r (Abovt) At teen from the left with 
all the tupperting itfuttoret removed except a tmall area of 
tkm oveolar tissues which ottach the skin to the turfoce ond 
which bind the front queHert to the obdeminal well ond 
me mam part of the medial suspensory ligament shewn ot 
the top mid position Not* th* a, ’t k-l. i_ .l. 


--- rj*'* •• .<i«aisi suspensory ligament shewn ot 

"J'* »' '’S'" between the 

Inflow) A. Viewed from the 
ih. 1-rl ’“tPeetety lisomeni remoining as 

censio/ 'rr'''’-'’ P'rf"’ly balanced sas- 

peniion (CogrteiyUS Dept of Agriculture) 
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These fibers are fused with sheets of connective tissue forming lateral sus- 
pensory ligaments which extend around each outer side of the udder and 
which are attached to the body cavity Since these lateral hgaments are 
fastened to the medial ligaments at the bottom and to the body cavity at 
the top, It IS easy to see that they actually form a sling for supporting 
the udder It should also be noted that there are connective fibers that 
extend at intervals from the medial and lateral ligaments on through the 
interior of the udder where they help support the functional tissues Thus 
the supporting tissues are in the form of many cradling structures which 
support the internal structures of the udder at all levels 

The Udder Attachments 

The front of the udder is reasonably close to the underline of the body 
cavity Strong connective-tissue fibers (fascia) extend from it to the main 
body tissues Cattle judges often run their fingers across the body wall just 
in front of the udder to determine the strength of these fibers since they 
constitute the mam part of the front attachment 
The rear of the udder is further removed from the undersurface of the 
body and hence must be supported by longer fibers of connective tissue 
The rear attachment is best when it extends quite high between the thighs 
and IS very broad 

The entire udder is supported to some extent by its skin — which is un- 
broken except for four openings, one at the end of each teat 

Internal Structure of Udder 

The udder is composed of four distinct glands, separated as shown in 
Figure 6-2 In most cows the front two glands produce 40 per cent and the 
rear two about 60 per cent of the milk 

The gross internal udder structure is shown in Figure 6-3 The open- 
ing at each teat {streak canal) is about H of an inch in length and is held 
closed by a band of muscle {s/?hincier) This leads to an open area in the 
teat (the teat cistern) Just abo\e each teat there is another cavity known as 
the gland cistern From the gland cistern eight to twelve mam milk ducts, 
supported by connective tissue, lead upward The mam ducts branch oflT to 
many smaller ones, and this branching continues as the duct system is 
traced upward Thus thousands of tiny milk ducts collect secretions which 
make up the daily milk output 

Each of the four glands is divided into lobes which arc subdivided into a 
large number of lobules separated by connective tissue This type of struc- 
ture IS illustrated m figure 6-4 Each lobule is made up of many hollow 
structures known .as alteolt 

Alveoli 1 he alveoli arc microscopic, balloon-hkc structures each com- 
posed of a single laver of epithelial cells (Figure 6-5), similar to other 
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Figure 6-2. The central *o»pen- 
•ery membrane divides the udder 
into distinct halves. Very thin 
membranes divide the halves into 
quarters. (Courtesy Eabsen Broth- 
ers Co.) 
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Figure 6-4. A complex duet system con- 
nects each teat to millions of alveoli. Alveoli 
make up lobules v/hich in turn make up the 
lobes of each quarter. (Courtesy Babson 
Brothers Co.) 
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epithelial cells Each cell contains a nucleus surrounded by cytoplasm 
Each alveolus is m intimate contact with a rich blood, lymph, and nerve 
supply, and is covered with fibers of smooth muscle 

Milk constituents are taken from the blood and made into milk by the 
alveolar epithelial cells, whence the fluid is discharged into the interior 
opening (lumen) of each alveolus where it slays for the most part until the 
time of milking 


THE BLOOD SUPPLY 

Blood IS supplied from the heart to the udder via tvvo large arteries, one 
coming down on each side and supplying half the udder These pudic 
arteries in turn divide, thus making four rather large vessels, each of which 
supplies one quarter By branching many times (Figure 6-6) the blood is 
dispersed through a very large number of tiny capillaries which supply the 
alveoli After passing through the alveoli, the blood flows into venous 
capillaries of about the same size as those carrying arterial blood These 

"" This collecimg vcm is known 

narallel venous ring — two 

ward and heart and two extending for- 

reaion The latl^ ' ^ cavity through openings in the abdominal 

wells ” Since ii ^ abdominal region are called "milk 

of prominent milk ^sUms of veins are functional, the value 

tenSThe'prodicuvu: ^ ^ 

score card userf m j ^ jnst two points of the official 

these two structures ^ "> *0 prominence of 

Vowtl. , »«I> persistence 

IS comamed and ihl stmcture'of Ihc’'™ ^ 

Its well as that imermediale and tea f ^“PP'^ 

to discus, the const, tuems oltdi^ralr"' ■>'' “'''“'t. we are ready 
Its formation and persistence ' *hose endocrine functions relevant to 
The formation of milk bv ih i 

processes Simple filtraunn , ^ ° ‘ hy chemical and physical 

alveolar wall but many of the r"'* *' 'tontf'c through the 

life processes of the alveolar iissu^”^''™ arc controlled through 

Hormonal Control 

ticsertpnoL, lengthy r„drf,eL™‘'‘*™°'''8y ’"’"‘t* 1=' Hclpfol. hut detailed 
n controversial would be involved Therefore, 
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No doubt the initiation and matnUnanct of lactation arc controlled by a 
balance of many hormones and other factors Injections of growth hormone 
have more effect than similar doses of ihyrotrophic hormone, ACTH, or 
prolactin 


Milk Constituents 


Protein. There is protein m both blood and milk, but fractions of the 
two are quite different Hence it appears that some milk proteins are syn- 
thesized from amino acid residues as they pass through the walls of the 
alveoli, while others come through intact 

Previously the proteins of milk were classified as casein, lactalbumin, 
and lactoglobuhn These designations no longer suffice, however, since 
mo ern protein chemistry shows that each of the above substances is made 
up of various fractions Thus there arc at least three caseins (alpha, beta, 
n gamma) and possibly a founh These account for about 80 per cent 
01 the milk proteins 


a lactalbumin and lactoglobuhn are known as “milk scrum” 

a^Lm,r,’ ? rnT ">"> alpha album, n (“blood sentm 

Ibfra Lnrh . 'r‘0S'»'>ulm The las, probably is composed of two 

ree^founS 'n et ‘ ,‘>'“ 1 '“''oglabol.n In addition, two fraettons hate 

.rmunrhor. r'" globubns w„h which 

tmmune bodies are associated, and the pseudoglobuhns 

altcoli°fro°mconsl,iums''de7''d°'^ hw""' synthesized by the 

blood sugar (glucose, F glycogen and possibly from 

''“;’"7P»»'dasoccurnngU;mm“r' 

tissues AcemtesTesIiItmrr""’' Panially, by the lactation 
cursors of many of the fattv^aod “n fibrous feeds are pre- 

eomes directly from the blood niilk-fat constituent, glycerol, 

whole Thus the ramrf hi »t the lactation process as a 

udder pressure Thela<f r. appears to be affected markedly by 

‘he first, perhaps “■gher m fat than 

through the secretory cells P‘’“surc prevented the fat’s filtering 

tends to stay at the top of the udXr?*’ “ ‘f possible that fat simply 

the milk Nevertheless when lu because it is the lightest part of 
fat production stays about the drops suddenly the total 

that Its formation is separate <Iccreases more slowly, indicating 
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Drastic reductions in the fiber content of feed can affect fat lactation very 
quickly During droughts or floods, when leafy feeds were restricted, tests 
showed reductions in fat by as much as half within a few days 
Mineral Matter. Mineral matter enters the milk by a process known as 
“selective filtration ” It is not simple physical filtration but a vital cellular 
function, since minerals in milk and blood occur in different ratios While 
there is approximately 14 times as much calcium in milk as in blood, 7 
times as much phosphorous, and 4 times as much magnesium, there is only 
one quarter of the chlorine and one eighth of the sodium in milk that is 
normally found in blood Yet the osmotic pressures of milk and blood are 
equal 

Other Constituents. Associated with the fat are phospholipids (mainly 
lecithin), Vitamins A, D, E, and K, cholesterol (the precursor of Vitamin 
D), and various pigments including carotene, which is responsible for most 
of the yellow color of milk and is the precursor of Vitamin A These fat- 
soluble vitamins and pigments come through unchanged from the blood, 
and the quantity of all but Vitamin K in the milk vanes with their levels 
in the feed Vitamin K and the B-Complex vitamins are synthesized m 
the rumen, and Vitamin C is formed in the body tissues Therefore, if 
the feed is adequate in other respects, the milk will be normal m content 
of these vitamins whether they arc available in the feed or not All vita- 
mins and water are filtered directly from the blood into the milk The 
water in milk serves a very important function as a vehicle for the solids, 
some of which are in solution while others are m suspension 

Enzymes which affect flavor and keeping qualities are found in milk 
Lipase can cause the breakdown of milk fat, particularly when the milk is 
agitated unduly Such enzymes as galactase, lactase, oleinase, diostase, 
oxidase, peroxidase, catalase, phosphatase, and various others affect pro- 
teins, sugars, and starches and may change the acidity and flavor of milk 
considerably 

Volatile flavors, such as those of silage or of certain weeds, travel from 
the blood to the milk simply by filtering through the alveolar wall These 
substances arc removed from the blood rather rapidly, however, through 
the urine and breath When enough have been removed in ihis way so 
that concentration m the milk is higher than m the blood, the filtration 
proceeds in the opposite direction until the milk is untainted Approxi- 
mately two hours arc required for most feed flavors to reach a maximum m 
milk and about another hour for them to be dissipated by the body Hence 
two hours before milking is the worst time to feed such roughage But if 
the cous are remoted from lolatiU Jlaior-producing feeds three hours before milking, 
usually no unduly feed-Jlaiored milk results 
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Drastic reductions in the fiber content of feed can affect fat lactation very 
quickly During droughts or floods, when leafy feeds were restricted, tests 
showed reductions in fat by as much as half within a few days 

Mineral Matter. Mineral matter enters the milk by a process known as 
“selective filtration ” It is not simple physical filtration but a vital cellular 
function, since minerals in milk and blood occur m different ratios While 
there is approximately 14 times as much calcium m milk as in blood, 7 
times as much phosphorous, and 4 times as much magnesium, there is only 
one quarter of the chlorine and one eighth of the sodium in milk that is 
normally found m blood Yet the osmotic pressures of milk and blood are 
equal 

Other Constituents. Associated with the fat are phospholipids (mainly 
lecithin), Vitamins A, D, E, and K, cholesterol (the precursor of Vitamin 
D), and various pigments including carotene, which is responsible for most 
of the yellow color of milk and is the precursor of Vitamin A These fat- 
soluble vitamins and pigments come through unchanged from the blood, 
and the quantity of all but Vitamin K in the milk vanes with their levels 
m the feed Vitamin K and the B-Complex vitamins are synthesized in 
the rumen, and Vitamin C is formed in the body tissues Therefore, if 
the feed is adequate in other respects, the milk will be normal m content 
of these vitamins whether they are available in the feed or not All vita- 
mins and water are filtered directly from the blood into the milk The 
water m milk serves a very important function as a vehicle for the solids, 
some of which are m solution while others are in suspension 

Enzymes which affect flavor and keeping qualities are found m milk 
Lipase can cause the breakdown of milk fat, particularly when the milk is 
agitated unduly Such enzymes as galactase, lactase, olemase, diostase, 
oxidase, peroxidase, catalase, phosphatase, and various others affect pro- 
teins, sugars, and starches and may change the acidity and flavor of milk 
considerably 

Volatile flavors, such as those of silage or of certain weeds^ travel from 
the blood to the milk simply by filtering through the alveolar wall These 
substances are removed from the blood rather rapidly however, through 
the urine and breath When enough have been removed in this way so 
that concentration m the milk is higher than m the blood, the filtration 
proceeds m the opposite direction until the milk is untainted Approxi- 
mately two hours arc required for most feed flavors to reach a maximum in 
milk and about another hour for them to be dissipated by the body Hence 
two hours before milking is the worst time to feed such roughage But if 
the CQiis are rernoted from lolatile fiator^produewg feeds three hours before milking, 
usually no unduly feedfiaiored milk results 
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THE MILKING PROCESS 


The Milking Routine 

\lilkmg practices should follow an established pittern which must be a 
pleasant one for the cow 

Hond and Machine Milking Milk can be removed from the udder by 
applying pressure The teat is grasped betuecn the thumb and forefinger 
shutting off the opening to the gland cistern Then by applying pressure 
with the other fingers the milk is forced from the teat cistern through the 
streak canal Releasing the pressure allows the teat cistern to fill again 
and the process is repeated 

The milking machine does not squeeze milk from the teat It draits tt 
out by vacuum m much the same way that a nursing calf does In addition 
to sucking however the calf massages the teat thus preventing congestion 
The machine also must promote health of the udder and remove the milk 
quickly and completely The manner in which this is accomplished by the 
machine is discussed fully on page 58 

Role of Hormones At each milking the hormone oxytocin secreted 
under the stimulation of the milking routine plays and indispensable role 
It causes the muscle fibers around each alveolus to constrict thus forcing 
the milk from the lumen into the ducts which oxytocin also affects causing 
* 11 ? enlarge While this hormone is m operation the 

mdk ‘s forced into the lower ducts and gland cistern Thus iihen the cow 
xs handled properly nature does more of the milking than does the machine 
Another hormone mentioned earlier (epinephrine see Chapter 5) works 
extent in the milking process perhaps than 
the arurr? f which is secreted into the blood whenever 

vessek in ** angered or made uncomfortable causes blood 

Iwem '» °f 'h' vascular 

Thus thouph^*"l^ * ^ peripheral pans of the body including the udder 
seereted i^fan’’ 7 "'"v have been 

ussuT,^l“" ,r®S ““O'* vessels to the alveolar 

hormonal actions cL bel' “ssues Both these 

m Chapter 1 As me i **" eondilioncd reflex as explained 

essential ” previously pleasant milking practices are 

Milking Frequency 

«s When the preMurroririfc''*'*^t"** *" 

of mercury lactation « ^ ^ *" reaches 2d to 40 millimeters 

pressure Hence them °^r “ about equal to capillary blood 

e more frequently milk is removed the greater [he aver 



THE MILKING PROCESS 


57 


age differential between blood and udder pressures will be, and the faster 
milk will be formed There is considerable individual variation, of course, 
but cows milked once rather than the usual twice daily yield only half as 
much 

Milking three times daily yields 15 to 20 per cent more than twice-a-day 
milking Cows milked four times daily produce 25 to 30 per cent more 
than those milked twice Usually this extra milk is not worth the added 
expense, but at times it could be if an increase in yield is particularly de- 
sirable 

The Milking Interval 

The milk-blood pressure differential influences the milking interval for 
regular twice-a-day operations For the very highest production, a 12-hour 
interval keeps pressures lowest and could be important if the very highest 
yield possible were desired, as in the case of record-making purebred ani- 
mals For many herds, however, the interval can be arranged to some ex- 
tent for convenience Milking at intervals of 10 and 14 hours gives prac- 
tically the same results for most cows as at two 12 hour intervals ^ Since 
average production records are increasing rapidly, the milking interval 
should be watched, adjustments, at least during base periods, may be 
worthwhile 

Drying Off 

In order to maintain the ability to produce at high levels, good cows 
must have a vacation during which no milk is formed and reserves can be 
replenished The process by which they are caused to stop producing 
milk usually is referred to as “drying off ” 

When It IS desirable to dry off a cow, in most cases milking is stopped 
abruptly and the udder pressure stops the lactation When excess pres- 
sure occurs, occasional milking or drastic feed reductions to help slop the 
process, may be practical However intermittent or incomplete milking 
may be harmful Milk allowed to remain in the udder causes intramam- 
mary pressure to increase rapidly and inhibit the formation of milk 

Fresh, normal milk contains lysozome, a bacterial inhibitor Milk left 
m the udder loses lysozome activity, however, and bacteria! growth may 
increase for a time Later, as the blood and milk pressures stabilize, 
fluids which cross the alveolar wall become similar to blood serum These 
fluids contain little casein, lactose, or fat, but are rich in globulins and 
albumin Thus, immune bodies and/or leucoc>tes which filter through 
suppress bacterial activity 

If the cow IS milked after the composition changes, the udder is ex- 
posed undul) to danger of infection, since the secretions must go through 
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similar changes all o\er again before establishing a natural defense To 
complicate the situation further, milking is likel) to stimulate production 
of the lactogenic hormone(s) and thus stimulate lactation Yet, when 
structures of the udder arc known to be weak, intermittent milking may be 
practical if used with caution No one system is always right, constant 
attention is necessary, and a separate decision is essential each time a 
cow IS dned off 


THE MILKING EQUIPMENT 

The milking system may include pails into which the milk from each cow 
IS collected separately This has many advantages since the milk from a 
single animal can be inspected, weighed, and sampled individually with no 
additional attachments In many dairies, however, the milk is drawn from 
the cow through pipelines directly to the cooling tank The saving in labor 
has made this system popular Sampling and weighing devices can be in- 
corporated into the pipelines or pails can be used periodically for purposes 
of production testing 

Whether pipeline systems or individual milking machines arc used, the 
mechanism is the same There are two parts to the vacuum milking system 

In one, a vacuum can be applied continuously to the teats Thus when the 

udder is under the influence of oxytocin, milk removal could be continuous, 
but milking isn t done this way, because a single, direct vacuum, if applied 
continuously, would trap lymph and blood in the lower parts of the teats 
5>ev ere inflammation would result quickly, so the second vacuum component 
IS intermittently to massage the teats (Figure 6-7) 

P ** accomplished by using a rubber liner inside a rigid teat cup 
me '^acuurn causes this to collapse around the teat, thus stimulat- 
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expanded phase is the tasle'l- m IV g'neral, the longer the 

al 1 ratio, bn.ne; on ''-"-.chines have employed 

->80e,clespermi„„m ' and with a, many 
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Figure 6-7. The circu- 
latory system of an indi- 
vidual teat. (Courtesy 
Babson Brothers Co.) 



Rgure 6-8. Two v^oy* to remove milk from the uddtr. (Courteiy Bebten 
Qreihert Co.) 
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cent Faster milking is needed now because productivity of cows has m 
creased about aS per cent during the last 17 years although milking rates, 
until recently were not changed appreciably to correspond with the in- 
crease 

The vacuum level is as important as any other feature of the equipment 
It vanes from 10 to 16 inches of mercury in most machines Although most 
covvs can be milked faster with high than with low vacuum the danger of 
congesting the udder increases with high vacuum Nevertheless -milking- 
machine manufacturers have now coordinated mechanical factors to give 
the fastest milking rates with the least danger 


Care of fhe Equipment 

Milking equipment often is the only farm equipment used twice every 
day in the year Much of it is precision made, and the best of materials 
are used throughout All milking equipment is relatively expensive Yet 
often It IS the most neglected and least understood implement on the farm 
In the case of slow milking uneven milking or irritated teats, usual mal 
functions arc as follows 


A Slow Milking 

(1) An inflation may have burst This trouble is detected easily be 
/n leaking inflations usually cause a hissing noise 

(2) Inflations may be stretched The useful life of rubber inflations 
«n be extended many times by keeping two sets and alternating 
thmai weekly intervals The sei not m use is stored dry m a 

reconditions and restores elasticity to the 
™ r igure^9) Another method is to store the alternate in 
'u * 7* aelution during the recovery week This sys- 
with hlrA 'f' aohened water but ii should not be attempted 
mineral cause ihe inflations will become coated with 

meXo^a ” Plastic lined 

for cold I tnexpensive and convenient repositories 

coma h bo mmod anchor 

coma, nor howovor „„oo ,ho ho., „t „„„ p,., 

(3) Vacuum may betoo low 

P^P ““'■I bo >hpp,ng 
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funciio’ma°toa'”™‘"^ ''oking Thoso mal 
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Figure 6'9. Refrigeration 
keeps rubber pliable and elas- 
tic. Note effect of one week's 
storage in cold on inflation at 
the right. 

(f ) Vacuum line or hoses may be plugged (they should be thor- 
oughly cleaned at least once each \seck, e\en though nothing 
but air supposedly goes througlt them) 

(g) Puisifors may be set too fast, on some machines this is ad 
justed auiomaiic.aJly Hand adjustable pulsaiors must be 
checked .is a routine part of the milking process 

h Uneaen Milking 

(1) One or more of the innations may he leaking or excessively worn 

A supply of replacement inflations must t)c kept on hand 
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(2) Teat cups ma> not be prop-rly attached to the cow This could 
cause udder injury also 

(3) ^ir hose may b" leaking This could happen at any time Hence 
a supply of a r hoses must be kept on hand 

(4) Teat may be malformed or injured Such cows must be milked by 
hando dsposedof 

C Irritated Teats 

(1) Machine may be left on too long It must be remosed as soon 
as the milk flow slops 

(2) Machine may hase been pulled off without breaking sacuum To 
release the vacuum push in on the udder above a teat cup thus 
allowing air to enter the system 

(3) Pulsator may be set too slow 

(4) Pulsator may have stopped due to failure of the mcrcoid switch on 
equipment using this device 

(o) Pulsatormaybedamagcdorwomoui 

(6) Pulsator may be blocked by din or hair 

(7) V acuum may be (00 high. 

(a) Vacuum regulator may be stuck it should be inspected and 
cleaned at regular intervals 

(b) Pump speed may be loo fast 


m Ihc s>stenis of milking ma 

1;' “11s and 

promote the health of the cows 
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.. rF*’ USUALLY MEANS FORAGE, IT HAS 

Although the term rougha feedstuffs Thus citrus 

been employed to describe brewers grains and the like, 

pulp, beet pulp, ground snappe . Perhaps it is better to 

often are called “roughages beca ^ncentrates 

think of these products simply as u V ^ bulls, cottonseed hulls, and 

On the other hand, such P.l^berof roughage than of con- 

ground corn cobs do ^^''"""Ved can be practical, but their deficiencies 
centrales, and are SO used bucn obvious 

inessential nutrients and precursors a -necified differently, the term 

For the purpose of d>scuss,om unle^^pej. 

“roughage” will apply to > ereenchop, hay, or silage Fresh green 
are utilized m the form of p ’ ° „on the best dairy cattle roughage 
fomge, often called herbage, is without questio 

available 

RS affecting quality and production 

J „„ „r the uses of forage, the general factors affecting 

Prior to any discussion „,.„j„Pi,on will be presented These factors 
the quality of herbage an i s P fertilization, the 

are as follows the forces , Jpusture renovation 

type of plants growing i 

The Forces of Nature 

The forces of natur . ^ students are likely to find it difficult 

fact at this PO'"*’ between plants and animals For example it was 
to explain the ditlc ^on„<,ction with animals that the strongest of 

mentioned , he second strongest being reproduction The 

nature’s ,hu, each species must continue itself and requires 

same is true for P ‘ However plants are markcdl, dif- 

nutrients tor ^ts Plants do not use locomotion for food gelling, 

ferent m ^ method of manufacturing food (phoios>nihesis) from 

but mstea t‘ utilization of the cnerg> of the sun in the pres- 

raN\ maternis t > 
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cncc of chloroph)!! ihc i;rren |>l.int is able lo s\ntlicsi/c ffKul froni the fa'- 
bon (hnxide ihc atmosphere and ihem^rr of staler In .iddilion if tlic 
plant IS to be health) tlic soil in whirli i( enms must he of such a qu.ilil) 
as to provide the ncccisar) mtrfrals Bs the rhoicr of proper fertilizers and 
b) the use of techniques of pasture renovation the marnt’er ran tlo much to 
insure soil quality 

It should be the object of the m in iqer to rn ikr the most of llic primal 
characteristics of plants in obtamini» nutrients for c ittlr In do this he 
must not onl) understand the fundamental nature of the ijrcen plant but 
also the fundamentals of plant development In pi ints .almost .all of the 
storage occurs in the leaves XNhenemironmental (oniiitioiis arc favorable, 
leaves develop rapidlv Under verv good conihtions some imfirovcd va- 
rieties seem to consist .almost entirely of Icives riiey vsere bred for this 
characteristic which makes them nutritious to herbivorous animals 

The best st.agc of growth for for.igc is limitctl to a rrlativelv short time 
As soon as sufTicicni nutrients accumulate in the leaves, reproduction be- 
S.ns by the rormation first of stems then of seetl, 1 hi< priK-ess nles nrotein 
from the leaves and puts it in the seeds, but .1 cimsiilcr.ahle pin of tt is lost 
!? ^ t' stems sshich arc made at the expense of protein and 

Standnmm^onh ' 7 ' '•argel, of f,he, 1 heref. re from lltr 

'"'/""Cr /faet, Lu ,hn a„ t. 

cndL^db] ““ "" "" 

maturely As .he plan, to:;Zs le , Ir 

and a decrease m proteins* thus „ , liber content 

plants exposed to unfavorable CO I “ '‘''"'t! depleted In fact. 

or agtng P„p„ e„„d„,„„. „( sod 'fe"rnh,rtghl 

ature are ncccssarv tn ft, i light moisture and temper- 

abundance of,eaves,„a.e„7rt;rpr:l^^^^^^^ plants (those ssttb an 
Type of Soil ond It. Pert, hiolion 

in gencraf the soiflonplZs''* "f"" environmental conditions 

man has made ,n h.s knosvIedgZf IZal"'"?’' P™?'''” 

this book does not permit a trnnii, a "tt Icrtilizaiion The scope of 

soil testing Nevertheless somel ®P**nTte soil can be determined only by 
agement of all soils Clay soils “'‘‘"ments apply ,0 fertilizer man- 

a y are high m copper Red clay is very 
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high in iron — so much so that at times extra phosphorous is required 
White and gray soils often are lacking in iron, copper, magnesium, manga- 
nese, and possibly other minor elements This is important when such 
crops as alfalfa or clover are planted 

Occasionally, deficiencies or excesses fail to show up m quantitative 
pasture production, but have drastic effects on grazing animals An 
example is peat soils, which are very high in molybdenum Plants grown 
on this type of soil are healthy, but cattle consuming them become anemic 
from molybdenum poisoning unless extra copper is supplied as a supple- 
ment 

Type of Plants 

Another factor influencing quality and production is the type of plants 
growing in the forage Combination legume-grass swards are important 
because in combination they are utilized more completely by grazing 
animals than when fed separately However, there is a problem of balance 
between grass and legume growth For example, nitrogen fixation by the 
legume promotes growth of grass, but overreliance on this function results 
m suboptimum total forage Yet, nitrogen must be applied with care 
Let us elaborate Initial application of nitrogen to mixed swards often 



Figure 7-1. A melhed of mlnimWng tompelllive »uppre«lon. The oats 

were plantod in rows and the alfoffo woi broadcast. 
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causes a desirable increase in the vield of dry matter which is denved from 
the extra growth of grass Howeser, at the same time, legumes are in- 
hibited and ma> recoier slowly Thus when nitrogen is applied continuously 
there is a tendency for the legumes to be crowded out by the extra growth 
of grass ^ This can result in a decrease of dry matter in the total forage In 
the cajc of a legume-grass sward, theobtious answer is to supply a balance 
of fenility for both plants 

will digress for a moment to point out that this type of competition 
IS not serious with most permanent pastures because usually the growing 
seasons of legumes occur at different times of the year from the grasses 
Closer for example grows mainly during the spring, whereas grasses of a 
permanent nature achieve most of their growth dunng the summer 

On the other hand, competitive suppression is a particularly serious 
problem when cereal crops arc planted in combination with clover and 
alfalfa fortemporary winter or spring grazing Competitive suppression in 
this case can be lessened considerably by dnllwg or broadcasting the legume 
znA planting the grass m roues (Figure 7-1) The fact that continuous nitrogen 
fertdization promotes grass and suppresses clover in mixed swards in which 

Sir?."” 

alone responds to nitrogen fertilization by 
(Table 7-3) improved digestibility of protein 

Pasture Renovation 

of a few inch«To^L*co"n*i from harrowing to a depth 

by soil t«ung, fertihzmg InTpIamin^ ‘'T' 

vation IS suited particullik to sanHv ^ recommended forages Reno- 
acraiion and water holdina r rocky, or hilly areas It improves 

Under cont.nTous grazi;^ soil 

growing, fibrous grasses and bro;,H support mainly low- 

usually short and the carrvint^ plants The grazing season is 

in an extension of the erazm-^ r^^paciiy low Renovation generally results 
to that of tillable fields ’ reason, wnh carrying capacity comparable 
ruany cases frequent disk 

scanfymg tools, frequent moV"^’ tooth cultivators or other 

IS needed At times, however th^ *'’<1 adequate fertilization are all that 
he replaced by improved swaM established to 

herbicide to reduce competition* M* ** Then it is desirable to use a 
the useof which depends selective weed killers are available 

determine largely the type of plants 
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Percentage clover D.M. In total herbage D.M. 
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Table 7-2 Effect of Rote of Nitrogen Application on Dry Matter Produc- 
tion and Protein Content of Grass Herboge, Pennsylvania, 
1955-58 


Nitrogen Dry Motler (iont/acr«) Protein Content (%) 


(Ibs/ocre) 

Timothy 

Orchard* 

Kentucky 
Blue gras* 

TtmotViy 

Orchard- 

Kentucky 

Bluegrass 

0 

1.31 

1.03 

1.05 

89 

10.5 

11.6 

50 

255 

1.70 

1.64 

8.2 

11.6 

12.4 

100 

3.05 

2.07 

2.12 

9.7 

13.9 

13.7 

200 

2.99 

2.55 

2.65 

12 2 

17.9 

17.4 

200 split 

3 88 

2.63 

2 86 

10.5 

15.9 

16.2 


100/100 


and cultivation practices that arc most feasible A soil is composed of 
various sizes of particles that determine its texture Such descriptions as 
gravell) sands, coarse sands, and fine sands indicate the texture of light 
soils, I e , the) are well aerated but have little water-holding capacity In 
contradistinction, the heavy soils (sandy clays, silt) clays, and gravelly 
cla)s) are poorly aerated but high in water-holding capacity The loams 
(silt) loams, sand) loams, and clay loams) are intermediate Aeration is 
better than in heav) soils and water holding capacity is superior to that of 
light ones 

Tht arrangement or grouping of panicles determines the structure of soil 
i his IS as important as texture and is more easily controlled In fact, the 
changes which occur as a result of renovation and cultivation are for the 
thus drainage, heat exchange, aeration and com- 
paction are regulated ^ 

plantings need moculalion and that 
more inoculant ts required w.th light than wtth heavy sods However care 

Table 7-3 EBeet of Rot.^Ndrog.n Appl.eat.on on Nutnhve Value al 
roroges. Pennsylvomo. 1958-59* 




Nitrogvn 

(Ibs/aere) 


Orcfiardgrasi jq 

Orchordgrost )00 

Orchordgros* 200 

Orchardgross 300 

Ofchordgrass- 
olfolfa Q 

I-.SD (WJ5 


Horvett 

D, 

igestibihty {%) 

Digestible 

Dote 

Dry 

_S*QHef 

Protein 

En.,„ 

{eoIAg of 
dry motter) 

27/5 

(9.9 

'64.0 

65.9 

2919 

23/5 

69.7 

71.3 

65.7 

2962 

21/5 

70J 

76.4 

66.6 

2997 

21/5 

73.1 

179.8 

68.7 

3092 

27/5 

69.6 

1.8 

7Z6 

4.5 

67.3 

2.2 

3009 
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must be exercised m the matter of inoculation When old 
killed with herbicides, the rate of reseeding required is about '^enty per 
cent higher than is necessary for plowed fields On the other hand a com- 
bination of herbicide and surface tillage often results in more and bene 
forage than the use of either one alone In newly developed Pa^mr^s P'am 
mg a series of annuals for a few years before establishing a permanent 
sward often promotes desirable soil structures 

SYSTEMS OF USAGE 

Forage may be used as pasture, or as greenehop, d<=P="d.ng on the rela^ 
tive economies of the two systems Pasture, of course, 
uncut forage, whereas greertchop ,s what the name implies, i e the freshly 

harvested herbage 

Greenchopplng 

Circumstances under which aero grazing (greenchopping) often is benefi- 
cial are as follows 

(1) Large herds Large numbers of animals^ a 

rr^ls^cXl m" .0 produelion, and the 

leafyroughageisbroughtlo ihem 

tZmuM imenswe as possible Usually more forage can be 

obtained by greenchopping lhanby o™ 

(3) When forage is m short supply, it can uc 

amounts by on land which is not suitable for 

(4) Ohenmodern dames ar ^ 

Ter^crl w^.rno dlmnous effecls on milk quah.y or health of .he 
cattle 

j that daily provision of high quality green- 
It should be pointe systems Dairy- 

chopped forage requires m efficiently should consider other 

men who arc not md-mg th-- P- nn increase in slocking 

r.r t, “5-^; ~ 

„ „,„nr Pasture Management 

under Special Aspects ol pasture 

Dual Usage , - , , 

A. times both greenehop and pasture are used A good example of dual 
Pmes b Chapter 4 as a means of preventing the summer 

dump of milk production Since during .he summer cows do most of their 
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grazing at night the> are turned onto pasture at that time and are fed 
greenchop in a shad) area during the da) Many methods of harvesting 
and transporting the forage are in use 

Use of Pasture Grazing Methods 

\Uhough adequate use of pasture involves a consideration of the total 
management picture there are certain basic grazing methods with which 
an) student of dain, cattle management should be familiar These arc 
rotational grazing selective grazing and strip grazing 
Rotationol Grazing Rotational grazing involves the use of three to six 
plots successively Its purpose is to insure utilization of most plants As the 
growing season of the herbage moves into the fastest growing stage mana 
gerial problems ma) occur i c before one plot is grazed sufficient!) the 
next IS likely to be read) The manager must watch the first plot in the 
scries and move the animals back into it at the proper time The other lots 
which are mature at that time can be chopped for preserved forage 

Hohenheim system of grazing published in 
1926 by the Ministry of Agncuhurc of Great Britain stressed the quahu 
tivevaue o selective grazing Modem procedures have reinstated the 
praclicc m mani areas In this type of grazing Iht highest producing coirs 
arc employ ed first so the cows select the choicest part of the herbage Dry 
cows and hellers then are allowed to clean the pastures 
More recent experiments conducted by Pteper cl haie shown that 

I’y 'h' first IS the 

anT, r„w ■V*""'”' -I'T nttrogen and crude fat 

boul bh »f top (first cho.ee) and 

the I’ Sreenchoppmg when the antmals are giien only 

thebeslVeld'ofmnT"' “P^ntum utilization This goes 

higher for top than lor bottom g 




able at dilTcreni i.meV "wiKes omerent parts ot the pasture aiail 

cattle are Im./rf to one pamcullr ora 

basic concept of strip grazing couldT*'"^ “ P®"'‘“'' Clearly the 

shutting the cattle into very^mall ""f" P™'"''™* For CM™?'' 

the prevention of excessive « on the pasture could necessitate 

conditionine of cattle ■< ^ Po^ore to the sun (especially if the summer 

asailableoser an enure ric?d"'°™*’ '’ natural shade seldom is 


ponant since water 


Moreover the 
ran easily be the l.ntitii 


water supply can be ver) im 


Also unless the siriD-era 7 in« ***' limiting factor in milk production 
srrip-graztng setup „ P 
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Table 7-4. Milk Produced by Cows Groiing Top and Bottom Herbage of Two 
Pasture Mixtures, 1957, Middleburg, Virginia ^ 

Growth GroioJ by Doiry Cow» 


(DSlandardirotion period All cows fed 16% prolein 
feed at the rote of 1 Ib /6 lbs milk, for o 28 oy 
winter feeding period before the experiment 

(o) 4 % milk per cow doily during this period (lbs) 42.6 41.2 43 0 42.2 

(2) The cows then grazed top or bottom growth of 

orchordgrass-Ladino clover pasture for 49 ays. ^ ^ 

(q) Lbs milk daily** * 93 72 

(b) Relative to standardiiation period 

(3) The cows then grazed oHolfc-ofchardgross mix- 
ture for 70 days. 29.7 32.4 33.8 21.8 

(a) Lbs milk daily** 79 79 52 

(b) Relative to standardization period ^ 2^ ^ ^4 2 

(c) Lbs milk daily for the lost 14 days • 

(d) Relative to standardiiat ion period — ,, , 

1-i j s.u ,«♦. «fl IbtoeochB lbs of milk (4% fot) 

•Ground shelled corn was fed at the rote of meons (P < 0.01). 

-There were significant differences between treatment means (P <U.UI}. 

r I 1 r ,1 nr, nnrf attention would be difficult Therefore, on 

for supplemental and attent^ 

most farms the ® ^ supplemental roughage, and access to 

Postures', Middl eburg, Vira'mo. 'V9V 

RotoHonol Grazers 

Sompling Cycle — ^ Bottom (%) Whole Plantlk) 


39.7 32.4 3J.B 

93 79 79 

34.4 27 6 25.0 

81 67 58 

ich 8 lbs of milk (4% fot) 


access to 
system is 


April-Moy 

June-July 

Aug.-Sept. 


Top {%) Bottom \7,i ^ 

Orchordgrass’nitrogen-fertifized 

71.7 *5-* 

70.5 w-® 

60.6 5^-'' 

Tall fescue-nitrogen-fertilized 

70-0 07.0 


April-Moy 549 

June-July 55.7 

Aua.-Sept. — j — — 

-The '"s'’'’' 

significant. 
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so contrived that no matter which strip the cattle are limited to they always 
have access to the same service area for such purposes as shade drinking 
water etc (see area 5 in Figure 7 2) This should be the corner nearest to 
the bam unless considerably better drainage and natural shade are avail 
able elsewhere 


1 



Figure 7 2 Organization of a system for 
strip grazing (1) permanent or electric 
fence or open (2) orea which has been 
grazed (3) area being grazed (4) area to 
be grazed (5) service area (6) perma 
nent or electric fence 


Electric fencing materials and methods wh ch are d scussed in detail at 
the end of this chapter are useful in strip grazing Ponablc fences employ 
mg ghtwe ght posls with sharp po ms or tnpods are popular because they 
are easy to install and move lo various loeations Cattle learn qu ckly that 
contact wnh the charged wire ts very unpleasant They w 11 graze r.ght 
I'hem “ ■>>' Even very light wires w.ll keep 

Thefen^ cs re area however after being trained to the electric fence 

creas ne the'^u eharg ng It modifies the imput power by m 
imermLnt '''‘>'‘""5 >he amperage and by making the output 

there is onlv 00 ?" k ^'8''™ 7 2 is poss ble because 

from the cmner ' "8 '™"> >he controller This wire is run 

arold'i:e"p"e"mrr" fThr"*' ”"'’1.' 

«hc area lo be grazed and then back to and 
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around the other side of the service area, as shown in Figure 7-2. Thus 
grazing animals have access to the entire service area but are limited to the 
part of the pasture which is m the best stage for feed. 


Sprouted Grains 

Still another system of fresh herbage feeding is now in limited use. This 
involves sprouting grain in soil-less cultures Temperature, humidity, and 
plant nutrients are controlled carefully in special structures for this system. 
Although equipment is expensive, no farm machines are required, and a 
new crop is produced each week 

Various experiments have shown that sprouted grains can be useful, but 
they cannot take the place of regular herbage because cattle usually will 
not eat enough. The sprouting process causes a loss of dry matter (dry 
matter contains all the energy-bearing nutrients) and does not appear to 
impart any special properties for stimulation of production or reproduction 
processes in the cow Still, the value of a constant source of green feed may 
be considerable 

While merely sprouting the grams definitely causes a loss of nutrients, 
the possibhty of growing the plants in a culture high in nutrients needs 
further study. Most systems using the hydroponic principle now produce 
a harvest only one week from the time the seeds are placed into t c cu ture. 
Thus it appears that the plants are being removed at just about the time 
that rapid nutrient storage is beginning Many questions which are perti- 
nent to the economics and techniques of hydroponic forages remain un- 


answered at present , ,, ^r 

Forage utilization by some systems appears to e an inseparc . . 
most methods of dairy cattle managemen. This is a complex problem 
which must be solved separately for each operation ny so u ion 
be based on principles which consider the functions of the 
•ive system, conservation of adaptive energy, and the effects of feed on milk 
composition as well as cost factors Conventional methods “f 
grccnchoppmg, and use of preserved forage singly or in combination appear 
to be practical for most areas at present 


Use of Mixed Roughages 

In some sections roughage mixtures which can be handled 
mates have become very popular In general, concentrates arc defined as 
mod and plan, by-produc.s which are relatively high 

fiber content Such roughage mixtures usually me u< , incrc- 

hay to increase bulk and thus insure normal rumen aclion ,,nins 

diems used for these purposes arc dried citrus pulp, ric c 

••>nd ground snapped corn which includes the cob and shuck 
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arc high quality fccdstuffs a rouehagc mixture which contains them can 
support production at high levels Some low nutrient feeds such as cotton 
seed hulls and ground com cobs also are used Although these do no harm 
and possiblv help when employed in small amounts, they occupy too much 
rumen space for too long when used in large quantities Thus the pro- 
ducing ability of the cow may be limited by lack of room for consumption 
and digestion of adequate concentrate feeds 

There are two other features to watch when mixed roughages are used 
extensively As previously mentioned such ingredients do not contain the 
pigments vitamins and minerals that usually are in roughages of a leafy 
nature There al'o is the possibility that rumen fermentation of mixed 
rouE-hages which contain many bulky-conccntrate ingredients will cause 
the acetic propionic acid ratio in the nimen to narrow to a point which 
could result in abnormal milk, since buiterfat is made at least in part from 
acetates formed by fermentation in the rumen On the other hand some 
narrowing of the ratio between acetates and propionates may be helpful, 
since the latter appears to have a lower SDA It may be possible also to add 
buffers which will prevent abnormal milk from resulting from the high pro- 
pionate levels Sodium bicarbonate has been suggested for this purpose 
NN hen feasible economically a combination of leafy roughage and mixed 
roughage merits consideration 




being produced to meet this problem. Before release to the pubhe all pest, 
cides are tested thoroughly for efTectiveness as wel as for the safety of the 
operator and of beneficial wild life. When chem.cals are employed to com- 
bat insect pests, close observation is necessary tn order to locate the pests 
quickly enough for effective extermination. 

It is interesting to note that grass w.ll grow rap.dly around manure drop- 
pings but cattle will not feed upon such grass. Hence any system of pas 
luring should include provisions for sca.ter.ng dropp.ngs each t.me 

sward is fertilized and/or mov'C 

Importance of Rote of Slocking 

D ■ Vrw Zealand and the United States indicates that the 

eceni wor' ^ ihc milk output on the basis of animals or of 

main actor or c possibly ii because the entire problem invoices 

acres IS the rate o „ntmals, the ir.dtndual pasture plants, and the herbaee 

mZJ°. Each of these systems has the ability to compensate for productive 


the 
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pressures whether these arise from chopping continuous grazing or rota 
tiona! grazing For example if the feed supp!> is short the animals graze 
for longer periods \\ hen the supplj is plentiful grazing is selective — the 
best forage being consumed first ^^hcn less total feed is consumed the 
cow probabl) digests and metabolizes a greater percentage of her nutrient 
intake 

\S hen strip grazing at daily intervals was compared to rotational grazing 
the mam difference vsas in the behavior of the cows Since stnp grazing 
makes new areas available frequently the cows remain more content than 
when new plots become available less often as m rotational grazing hen 
cows are rotated onto a fresh area there ordinanty is considerable initial 
excitement and a tendency to overeat In spite of the excitement milk y iclds 
usually increase However as grazing progresses the animals often become 
discontented consume less nutntious feed by necessity and naturally pro- 
duction drops Yet at conslant stocking rates the average yield of milk per 
day and the average daily forage intake were not affected significantly (sec 
Table 7 6) 


Table 7 6 M Ik Yield (ib/cow/dcy) on 6oeh Doy of Grozing on One Poddoek 
and on the First Three Ooys Groiing on the Next Poddoek (overage 
Cl 14 occasions) 






Dot* 






Trc«t9)«flf 


On One PeJdoek 


On Next Peddeek 



1 

2 

3 

4 5 






Low foldk'd 

Low rotat onol 
H gh folded 
Highfotot onol 

37.5 

33.4 

360 

371 

37.6 
391 
35 9 
37 9 

379 
39J 
35 8 
38J 

37 7 37J 
37 4 355 

35 9 35 4 

36 8 35 1 

36 6 
342 
34 9 
32 6 

370 
37 8 
351 
36 1 

36 9 
38 1 
34 8 
36 9 

36 4 
38 0 
348 
36 8 

37 2 

37 6 

35 4 

36 4 


D ’’ * ’’’J’" 1°" " but the yteld 

Lplam * These results are easy to 

foraec and h ^ 'u? rate is liinttcd the cows select only the choicest 

lL?de,ulte '<> be upheld therefore .he 

utthre them otheTha'nVh'r “ 

consume more ot the herbaee Ho ^ock'-g rates force the cows to 

come Dro<Tres«tii,.ivr I ^ since the feed selected tends to be 

p" -- « 

rate ot stocking the pasture yielded 10 ® 'b"*' « 'he higher 

that the con^iimnt.rt rj ^ P^r cent more utilized herbage but 

Ast„rrrki;“'i^2,~d‘“'’' H 

5 re based upon accurate observations of the 
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Table 7-7. Milk Production from the Four Grazing Treatments 


Stocking Rate: 

Grazing Treatment 

Milk yield 1957 

as Ib/cow/day 1958 


Milk yield 1957 

as gal/acre/year 1958 
1959 


Low 

Folded Dolly 

32.8 

35.4 

36.7 

974 

939 

351 

721 


Rotational Folded Doily 

4K7 38.4~ 

33.5 30.9 


Rotational 

39.5 

32.2 

34.8 


ability of the cattie and ava.labtUty of the forage, any acceptable method of 
pasture usage should be satisfactory Natumlly, productive forage and 
cows of high potential are necessary just as with any o her f 

ing, if maaimL efficiency is to be obtained Hnicrrrr rtrrr marl 6r a compw. 
mirr b,lwun low slockwg rates wktch lead to the highest daily prodiiclioa per sow and 

the higher rales which give the maximum yield per acre a ,(r„,;„„iu 

When forage is available in amounts too large to be used effectively it 
should be clipped carefully and preserved before the quality declines due 

Table 7-8. Utilized end Residual Herbage Dry Matter (in 100 lb) and Dry- 

Matter Intake in lb per cow per day 


Sto cking Rate" 
Grozing Treatment 

Utiliied herbage 
as DM/ocre/year 


Residual herbage 1^^^ 

Qs overage DM/ocre 1958 
remaining after 1959 

each grazing 

Average 

Dm intake as l«q 

Ib/cow/day 


Ided Dolly 

Rotational 

Foided Doily 

Rototionol 

60.9 

61.1 

62.2 

66.6 

61.4 

70.7 

74.4 

65.6 

29.0 

28.7 

29.8 

32.6 

50.4 

53.5 

55.5 

54.9 

12.6 

12.0 

9.9 

8.0 

15.0 

15.7 

13.0 

11.6 

7.6 

8.1 

6.7 

6.4 

11.7 

11.9 

9.9 

8.7 

28.9 

29.0 

24.4 

26.1 

23.2 

26.7 

23.3 

20.6 

30.2 

29.9 

24.6 

26.9 

27.4 

28.1 

24.1 

24.5 
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pressures, whether these arise from chopping, continuous grazing, or rota- 
tional grazing For example if the feed supply is short, the animals graze 
for longer periods When the supply is plentiful, grazing is selective — the 
best forage being consumed first When less total feed is consumed, the 
cow probabl) digests and metabolizes a greater percentage of her nutrient 
intake 

When strip grazing at daily intervals was compared to rotational grazing, 
the main difference was in the behavior of the cows Since strip grazing 
makes new areas available frequently, the cows remain more content than 
when new plots become available less often as in rotational grazing When 
cows are rotated onto a fresh area, there ordinarily is considerable initial 
excitement and a tendenc> to overeat In spite of the excitement milk yields 
usually increase However as grazing progresses, the animals often become 
discontented, consume less nutritious feed by necessity, and naturally pro- 
duction drops Yet at constant stocking rates, the average yield of milk per 
day and the average daily forage intake were not affected sienificantly (see 
Table 7-6) 


Toble 7*6 Milk Yield (Ib/cow/doy) on Eoch Doy of Groiing on One Poddock, 
ond on the First Three Days' Grozing on the Next Poddeck (overoge 
of Uoecasieni) 






Day* 






Traarinvnt 


On On« Poddoek 


On Next Poddock 

Average 


1 

2 

3 

4 5 






Low folded 

Low rotational 
High folded 
High rotational 

37,5 

38.4 

360 

37.1 

37.6 

39.1 

35.9 

37.9 

37.9 
39.5 
35.8 
38 5 

37.7 37.3 
37.4 35.5 
35.9 35 4 
36 8 35.1 

36.6 
34.2 
34.9 

32.6 

37.0 
37.8 

35.1 
36 1 

36.9 
38.1 
34 8 
36.9 

36 4 
38.0 
34.8 
36 8 

37.2 

37.6 

35.4 

36 4 


D P" '“W'r but ‘Itu y«'‘‘ 

Lplam Wh ""i!' “ stouktng rate " These results are easy to 

forage and hmitcd, the cows select only the choicest 

lessLsirahl ^ Production is likely to be upheld Therrfore, the 

Utilize 'vasted unless some other system is employed to 

colrae™ re°" icLllV 

come progressively less n.nr , “ S'"" llut feed selected tends to be- 

expense of vi^iH ‘ous, the yield per acre is enhanced at the 

rate of stockine xhr '^uble 7-8 show that at the higher 

that the consumm ’’“'.’a™ yielded 10 per cent more utilized herbage, but 

As tug as Z:img ra^ ^ P™"-** P" 

§ arc based upon accurate observations of the 
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Table 7-7. Milk Production from the Four Grazing Treatments 


Stocking Rate: 

Grazing Treat ment 

Milk yield 1957 

as Ib/cow/day 1958 

1959 

Average 

Milk yield 1957 

as gal/acre/year 1958 

1959 

Average 


Folded Daily 

32.8 

35.4 

36.7 

974 

939 

351 

721 


Rotetionol Folded Daily Rwlioncl 


ability Of the cattle and availabiUty of th ^ oductive forage and 

pasture usage should be withLy other system of feed- 

cows of high potential are J j j fjowiiJr, thrc must bt a cm/src 

mg, if maximum efficiency is to be ob produclm pet cow and 

mse between low stocking rates which lead to § 

Ihihghir rales which gwe the maximum ytMpir am effectively, it 

When forage is available in 

should be clipped carefully and preserved before tne qua y 

Table 7-8. Utilized ond Residual Herbage Dry Matter (in 100 lb) and Dry- 

Matter Intake in lb per cow per doy 


Stocking Rat«: 
Crazing Treatment 

Utilized herbage 
os DM/acre/year 


7-M,7;;^nrTo.atio^ Foldedpoily Roto.ion^ 


Residual herbage 1.957 

as average DM/ocre 1958 
remaining after 1959 

each grazing 

Average 

DM intake as 1957 

Ib/cow/doy 1958 


69.9 

61.1 

62.2 

66.6 

61.4 

29.0 

70.7 

28.7 

74.4 

29.8 

65.6 

32.6 

50.4 

53.5 

55.5 

54.9 

12.6 

15.0 

12.0 

15.7 

9.9 

13.0 

8.0 

11.6 

7.6 

8.1 

6.7 

6.4 

11.7 

11.9 

9.9 

8.7 

28.9 

29.0 

24.4 

26.1 

23.2 

26.7 

23.3 

20.6 

30.2 

29.9 

24.6 

26.9 


28.1 

24.1 

243 
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to aging One must ^eep m mind the effects of pasture management on the 
future productiveness of both the land and the animals 

Value of The Electric Fence 

The electric fence has considerable usefulness in pasture management 
The portable electric fence should be in a zigzag pattern if it is to be moved 
often This allows the posts to be spaced diffcrentlv in different parts of 
the pasture thereby taking up the slack m the v.irc as the grazing area is 
brought closer to the fence controller Thus it never is necessary to var> 
the length of the charged wire There is another advantage to the zigzag 
pattern one person can move the fence easily without taking it down To 

change the fence to a new area it is necessary to move only the alternate 
posts If that doesn t bnng the fence far enough the manager just goes 
back and moves the remaining posts 

Careful pasture management is important when moving the portable 
e cctnc ence since grazing animals should be confined only to areas where 
re ativc y immature forage is available Unhm reason the more often the 
lence is moved the easier a is to control the type of forage used However 
It 1$ seldom desirable to move the fence more than once daily and usually 
‘s sufficient At times a will be desirable before 
back to the area which 

r forage should be cut for hay or silage 

bv usinff !i circuiting in electric fences can be eliminated 

sulato^r ? »P^ Grooved m 

only offer smooth ones because the grooved insulators not 

ffim of ir" *r “ ‘h' grooves help keep a 

-rnar -he surface Mowing , he fence "ows oc 

mg Althoueh " -"^sure that should be used to prevent short circuit 
!hlt burn off many of the weeds 

Moreover lush growth^^ ° 'oltagc high enough for this is questionable 

fence ^ *hesc extra weeds will ground the 

cxen a^ohaec fieldT' ^ -ransisionzcd controller which will 

.™pos.b,e ■■ 
underground or ahov*. j attached and it can be used 

Electnc fencing techniques** wiirh without insulators 

available ^ considerably simpler after it becomes 

the observance of a few -he use of proper equipment and 

charged wires should minimize the hazards Bare 

never be exposed where they arc likely to be contacted 
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by personnel The fence should be turned off while it is being moved, or 
when the area is to be mowed or fertilized Only fences which are approved 
by the Fire Insurance Underwriters Laboratory should be used Inter- 
rupted charging at intervals of about one-tenth second, by approved con- 
trollers, prevents injuries caused by “freezing” to the fence 
It often has been suggested that dry weather makes electric fences less 
effective and wet weather makes them dangerous Both are possible The 
electric fence is an open circuit, the charged wire forming one side of the 
circuit and the ground the other An animal standing on the ground and 
touching the wire serves as a switch to close the circuit Thus, when the 
ground is dry the contact may not be satisfactory unless the fence is espe- 
cially well grounded Most approved fence controllers have a special high- 
voltage connection to be used only during dry weather This could be 
dangerous unless care is taken to change to the lower-voltage connection 
during and after each ram 

Training animals for electrical control is desirable Most animals e~ 
come somewhat excited when they are moved to a different pasture, and 
unless they have been trained they may go right through an electric fence 
Confining animals to a corral and allowing them to contact a charged wire 
once or twice usually is sufficient training It also is a good idea to mark 
Ihe fence with pieces of cloth or paper when animals are moved to a new 
pasture The small wire is difficult to see 
Power failure usually causes no serious problem The animals have no 
''a> of knowing when the current is off After livestock have been trained, 
many herdsmen don’t bother to turn the fence on at all In fact, even after 
an electric fence has been taken down livestock have been known to refuse 
'0 cross the area where it was When there’s reason to be sure that the 
fence remains charged at all times, both a battery and an A C controller 
ean be connected with a normally closed relay as shown in Figure 7-4 
’Pfius the A C keeps the battery controller turned off If the A C goes off, 
‘he battery controller automatically starts, then turns off when A C service 

resumed 

For portable fences, lightweight smooth wire is used For semipermanent 
barbed wire is preferable because it is strong and the barbs can 
prnetratc hcav, haircoats, assuring a good contact Houeter, care must be 
'='<'0 not to lease pieces of «irc in the fields, as ih.s could result m hard- 
''arc disease in cattle or damage to implements 
Ono wire strung about 30 inches from the ground is suiricient for callle 
=""1 horses One wire is enough for hogs too, but m this case it is sirung 
•"■out a foot abose the ground Most sheep operations use two wires .11 
"'■^Shts of 15 and 30 inches . , , 

For semipermanent installations, regular fence posis can be etnplmeo 
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Figure 7-4, A tytlem for outomatlc 
operation of emergency bollery^p* 
eroled fencing equipment In event of 
failure ef the A.C. leurte* (1) A.C. 
(en<e conlroller, (5) ground, (3) bal- 
tery-op«raled (unca tonltoller, (4) 
notmolly doted relay, (5) baltety, (6) 
A.C. toutee, (7) electtle fence. 


without irouble at mtonals up to 100 reel Moiable posts should be spaced 
at distances varying from 1 5 to 25 feet 
Many electric fencing operations hate been abandoned because exccssiic 
time and expense were required lo keep the systems operating Almost all 
of his could have been avoided, however by using good materials to begin 
with Inadequate insulators second-hand w,re,allowing weeds to accumu- 
tamns ' home-made devices account for most mal- 

tecroV^ih rf 'llr'"' '> hept dr, and pro- 

Althouch th arrestor placed between the fence and the ground 

W nLnen' P'’"^hle fences is easily broken. « 

niterunWs^hr “a ''“‘''’'y Good insulators last indefi- 

three months ^ imaged and batteries remain functional for about 

there isTo’'reasTn"h'' "" > =■> "'■'h tn.erest, and 

lems of course but ^ “ ^"^“'•'"'7 should not continue There are prob- 
should consider usine ^“7'“ ''vestock farmers 

mmanydifferlrways 'f""*' 

safe ’ installed and maintained properly. »t 
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Silage, or ensilage, is greenchop which nas been cut, compressed and preserved by 
fermentation of itself or an additive, or by applied aads in an air-light chamber known 
as a sxlo The plants alone or with additives should have sufficient sugar and 
other nutrients to achieve two basic objectives (1) The sugar level should 
be right to insure good fermentation in silage which is made by this process 
(2) The silage ultimately achieved by the ensiling process should contain 
adequate nutrients in terms of cattle requirements and cost Nutrient re- 
quirements of cattle and feed composition are shown in Appendix D There 
are also simple methods for determining dry matter and moisture content, 
which will be discussed in this chapter 

Making and handling silage involves basically three major steps (1) 
preparing the material for the silo, including cutting of the crop and any 
pretreatments that may be used to improve the ensiling process, (2) stor- 
ing the forage in the silo where the ensiling process takes place, and (3) 
removing the silage from the silo at the time of feeding 

Pasture crops, sorghum, corn, and other grams may be used as the basic 
feedstuff from which the silage is to be prepared If a hay crop is used, it is 
cut before it has formed seeds, and is carried to the silo The means of 
con\ eying the greenchop will vary depending on the size and type of the 
silo and the equipment a\ailablc The choice of basic material will depend 
upon such questions as availability, nutrient requirements, and equip- 
ment available (Figure 8-1 ) 

Equipment pla> s an important role m filling the silo (Figure 8-2) How- 
ever, the equipment needed will vary according to the silo structure as well 
ns other relevant considerations, so that we find lower silos will require 
blovNcrs or elevators v\hcrcas in other l>pcs dump trucks or self-unloading 
wagons ma> be used Nevertheless, the range and flexibility of equipment 
available is quite impressive 

Since the structure in which silage is made must be almost air-tight, 
scaling of the sUo is ncccssar> The t>pcs of materials used m scaling 
\nr\. but plastic film is ihc most popular It is intcrcsiing to note that ex- 
cept in ihc case of the gas-nght silo scaling invokes an extra operation 
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Figure 8>3. Tracfor-meunted, tractor>powered equipment for unloading 
horizontal silos. (Courtesy Sunflower Industries, Inc.) 

Adequate sealing is essential to the success of the ensiling process. How- 
ever, other techniques are also important, and various conditioners are 
frequently employed in the making of silage. The silage that is stored and 
preserved is removed when the time comes for feeding, and the types of 
equipment used for removal vary considerably, depending upon the type of 
silo involved (Figures 8-3, 8-4, 8-5). 

Silage production in the United States has increased tremendously since 
World War II, and it still is increasing rapidly. This is the result of the 
following factors: 

(1) Newer research into methods and materials for high-quality stlage 
production and storage. 

(2) Cmphasis on grassland farming, much of which has occurred in areas 
where natural conditions arc unfavorable for hay curing. 

(3) The need for better Itscstock feeds, as a result of the general economic 
trend. Margins of profit have narrowed somevihat in most areas 
This has caused emphasis on the use of high-quality roughage. 

(4) High-producing crops such as com can be stored most effectively as 
silage. 
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Figure 8*4 Automatic equipment unloads |ombe siles 
down the torpedo hole (Courtesy James Manufacturing 
Co ) 


Figure 8-5 An electrically driven unlooder for horiion- 
lol silos, developed by engineers of the USDA (Courtesy 
U 5 Deportment of Agriculture) 
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ofensihng this cm be measured asaccumulaicdacidiiy \Shcn the pH has 
reached 3 or 4 most metabolic processes stop (pH is the symbol used to 
express acidity) It is the logarithm of the reciprocal of the h>drogcn ion 
concentration 


pH - log I/(H*) 

Thus in the case of pure water which is neutr il the concentration of hy- 
drogen ion is 1 X 10 ’ moles per liter pH = log I/IO ’’ » log 10^ = 7 
Values below 7 ind cate the degree of acidity whereas those abosc 7 show 


the alkalinity 

In practical management some compromise may be necessary The 
faster the crop can be handled the sooner losses resulting from con 
tmumg metabolism and oxidation can be stopped Hence the availability 
of machinery and labor are important considerations 

Wilting High moisture forages require more preservatives than do 
those which are higher in dry matter Although dry matter content can be 
increased by wilting this requires additional labor On the other hand 
with wilted plants less labor equipment and silo space are allocated to 
handling water In any case the relative availability of extra help or extra 
preservatives must be considered 


Although partial field drying allows repiration and enzyme action to 
waste nutrients it has been shown that photosynthesis can continue and 
thus some nutrients zrtform<d while forage is drying Of decided advan 
tageis the fact that the greater osmotic pressure of the wilted forage in the 
silo may be particularly unfavorable for the growth of putrefactive organ 
isms It has been postulated that wilting increases the content of ferment 
able sugars in forage but this appears to be true only under certain con 
ditions Obviously any given silo space will hold more dry matter in the 
forrn of partially dried forage than when the same material is ensiled in the 
fresh state The practice of partially field drying forage for silage is not 
new in Italy it has been practiced for more than 40 years 

o owing extensive research Samarani* developed a system for ensiling 
lorage contaming approximately 40 to aO per cent of moisture Pressure 
was app 1 C to the ensilage and thus rather elaborate equipment and 
considerable labor was necessary In the United States most forage for 
** when the moisture content is 

o per cent Use of gas tight silos reduces somewhat the labor and 
equipment requirements for makmg wilted silage and permits the use of en 
ng materials as dry as those employed m the Samaram process Hence 
has been'" “'“S' increased and a new word haylage 

ever s o '“u “ “‘H 

e greenchop must be cut with one machine operation and 
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picked up by another machine — an additional time-consuming process. 
This is compensated for to a certain extent by the fact that considerably 
more dry matter can be handled in each load. 

Soil texture also must be considered in deciding whether to use directly 
cut or partially dried forage. Sandy soils are likely to be picked up by the 
machinery when field-wilting is practiced. As much as 50 per cent of the 
dry matter in experimental silage so processed was found to be sand in one 
experiment at the Florida station. 

Effect of Crimping or Crushing Forage. Machines designed to crush or 
crimp stems to make plants dry quickly for hay also are valuable in pre- 
paring forage for the silo. As fresh forage is run through the machines 
and crushed, many of the cells are broken open The contents of the cells 
thus are spilled onto the plants These cellular materials are high in 
soluble carbohydrates, which become available to the fermentive bacteria. 

About 10 percent more dry matter can be preserved in finely cut and 
bruised forage than from coarsely cut plants. Bruised-forage silage also is 
more acidic and contains a larger percentage of the desirable types of acids 
than plain-forage silage 

Estimating Moisture Content. The approximate moisture content of 
greenchop can be estimated with reasonable accuracy by means of the 
“grab test,” m which a ball of forage is compressed tightly in the hand and 
then released suddenly Only forage which is cut very short is suitable for 
this test. The condition of the ball after testing indicates the approximate 
moisture content as follows. (1) If the ball holds its shape and considerable 
free juice is evident, the moisture content is considered to be 75 per cent or 
higher; (2) if the ball holds its shape but little free juice is observed, the 
moisture content is likely to be 65 to 75 per cent, (3) if the ball disin- 
tegrates very slowly and no free juice is evident, the water content is m the 
nature of 60 to 70 per cent, (4) if the ball falls apart and little or no free 
moisture is observed, the water constitutes less than 60 per cent of the 
forage. In most cases the moisture content indicated by the falling apart 
of the ball represents minimum dryness, since drier material is difficult to 
pack. In gas-tight silos where packing is no problem, forage as low as 40 
per cent in moisture is satisfactory If the moisture content is above 70 per 
cent it is well to use an absorptive preservative to prevent excessive run- 
olT and to help establish osmotic pressures favorable to laclic-acid or- 
ganisms. 

A large number of systems are available for accurate moisture determina- 
tion, but most of them are either time-consuming or expensive. One inex- 
pensive lest which can be run quickly enough for the results to be used 
before forage is ensiled is the oil-distillation method ‘ The equipment 
consists of (1) an accurate scale or balance with a capacity of 500 to 1000 
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grams, (2) a thermometer which reads to 200 C, (3) a one-quart metal 
container with lid, screen, and wire handle The container and screen re- 
semble ordinary French-frying utensils, and the forage, in effect, is French- 
fried The only other equipment needed is (4) cooking oil and (5) a ot 
plate The container, oil, and forage are weighed together The forage 
weight IS determined independently also The oil with forage immerse 
then IS heated to 145*C (293‘F), a temperature at which the forage loses its 

moisture Then by rcweighing the container with the oil and forage residue 
still m It, the moisture content is determined as the loss in weight If 100 
grams of forage are used, the loss in weight m grams equals the per cent 
moisture of the forage Of course, care must be taken that the forage sam- 
ple IS representative of the held from which it is obtained 


Additives or Conditioners 


Although wilting and/or breaking the plant ceils offers many advan- 
tages for ensiling forage, the trend at present is to keep the operation 
simple Thus forage is cut and loaded into wagons in one operation The 
only other mam operation is to unload automatically into the silo Many 
forages handled in this way must be ensiled with preservatives Additives 
often are called “conditioners” or “stimulants, ’ and there arc many of 
them As mentioned previously, corn silage is a roughage and a concern 
irate, and as such, it has a self-contained conditioner (the corn kernels 
and sugars) 

Plants such as sorghum or corn contain large amounts of fermentable 
sugar which also serves as a built-in silage conditioner In fact, such 
a large part of sugar cane is bacterial food that excessive fermentation, 


causing a very large loss of nutrients may occur — perhaps making the 
value of some varieties of the plant doubtful as material for silage 

or most unwilled legumes additives seem essential to prevent putre- 
faction, and they can be incorporated easily (Figure 8 6) There are one or 
possibly more exceptions to this general postulation As previously indi- 
cated sweet lupine ensiled with no additive and no wilting has been pre- 
served well at the Florida station The process was efficient and the prod- 
uct had no putrefactive odor whatever 
There are many substances now in use as silage conditioners These ac- 
comphsh their purpose in vanous ways (1) by simply reducing the pH, 
t , ^ ‘"^‘hiuon of enzymatic fermentation and respiration ac- 

tivity, (3) by inhibition of putrefactive bacteria, (4) by supplying soluble 
adjusting osmotic pressure of the silo 
M. f A j y absorption of juices which contain soluble nutrients 


Mineral Acids For 30 


iicpH .t, t: ! j years sulfunc and hydrochloric acids have been 

Finland to presenio forage Thi, method, developed by Arttur. I 



Figure 8-6. Preservatives spread over the load are mixed into silage 
during unloading. (Courtesy New Idea Farm Equipment Co.) 

Virtanen in 1929, is known by his initials— the A.l.V. method. A.I.V. 
silage is made by spraying 0.1 normal acid on the forage, the amount of 
acid per ton of forage being about 6 liters. This causes the pH to be 
lowered to a value of very slightly less than 4. All the acid is used up m 
the process. Organic acids, including fumaric, citric, malic, and oxalic, are 
displaced by the mineral acids. The organic acids then form salts, and the 
mineral acids are neutralized. Thus the pH is low enough to stop respira- 
tion, enzymatic action, and most bacterial action. Lactic acid bacteria 
continue working above pH 3 but their activity usually is not considered to 
be harmful. 

Phosphoric acid has been used to a limited extent in the same way. It 
has never been popular, however, because it often causes indigestion unless 
the excess acid is neutralized. Yet many soils and the forage raised on them 
are deficient in phosphorous. This deficiency can be overcome by the 
phosphorous of the acid and if calcium carbonate is used as the neutralizer 
the calcium-phosphorous ratio is quite favorable. A 75 per cent solution of 
phosphoric acid sprayed onto silage at the rate of 1 gallon per ton of fresh 
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forage preser%es the nutrients well Perhaps this preservative deserves fur 


thcr critical investigation 

Sulfur Dioxide Sulfur dioxide gas applied from cylinders was found to 
be an effective preservative Sodium metabisulBte however has replaced 
the gas per se because of its greater convenience When 8 pounds per ton of 
sodium metab sulfite arc added to each ton of fresh forage sulfur dioxide 
gas IS 1 berated This gas combines with moisture and forms sulfurous 
acid which effectively inhibits biological processes in the forage in the 
same way that phosphoric acid and the A I V mixtures do This is a very 
effective preservative inexpensive and easy to use Sulfur dioxide gas 
hov ever is quite harmful to humans for sulfurous acid can be formed on 
the skin or within air passages and lungs causing serious trouble Thus 
care must be taken to avoid the fumes The SO^ fumes also are quite cor 
rosivc to metals Therefore when this preservative is used it is best to 
make application directly onto the forage afur it is m the silo as self 
unloading wagons or silage blowers have been seriously damaged by con 
tact \nother problem is evident in using sodium mctabisulfitc m hori 
zontal silos which are to be packed with tractors These machines also 
can be damaged by SOj fumes 


AnlibiolKs Antibiotics which affect putrefactive bacteria appear to 
offer promise as silage preservatives Zinc bacitracin used in this way 
produced silage which compared favorably with similar forages ensiled 
wit mo asses In other work * aurcomycin albamycin neomycin strep 
om>cin terram>cm oleandomycin and erythromycin also have proved 
ry e cctive in preserving pearlmillct \pparcnily the antibiotics inhibit 
Ptitrcfactive organisms When a good seal is ac 
' owever the lactic acid organisms (being anaerobic) survive 
Hu. K ^ O'^come the very low level of antibiotics (a grams per ton) 

recover ' Proteolytic organisms found in silos arc aerobic they never 
recover m those which are properly sealed 

products a*r oitrus corn cane wood beet or other molasses 

u cd P- 

corn andThcr'aL'orpmV'Ch ground snapped 

silauc t reveta-,t. high energy concentrate feeds arc effective 

levs expensive than ^ P^^ 'O" 

serv Itucs are used ' °"ly about 10 per cent of such pre 

siored wiih ihe 5 lace processes The remainder is mere!) 

ven cnce and cnn« h ki operations this feature is an added con 

silos where ihcv presTne^f bulk> concentrates are stored m 

juices wh ch oiherw se absort> soluble nutrient containing 

arc ava lable Pbc bulky concentrates 

a. feed .hen ,he „lage ,s used \I„,eoser a. .he Florida 
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Station the juices were so high in dry matter that citrus pulp contained 
more nutrients when removed from experimental silos than when placed in 
them with the green herbage, despite ensiling Josses by fermentation 

Other Conditioners. Certain other conditioners are effective Dry 
whey products added at the rate of 80 to 100 pounds per ton are effective 
preservatives Various salts, including formates, nitrates, and chlorides, 
have been investigated as silage conditioners, but generally results with 
these substances have not been satisfactory Addition of calcium appears 
to make the fermentation proceed for longer periods, and this appears to be 
beneficial particularly for silages made from gram crops 

Silo Losses 

Some losses are expected in all silo operations, but careful management 
can keep them at a minimum Those due to heating, molding, and rotting 
occur as a result of aerobic activity caused by air pockets, leaks in the silo 
walls, or inadequate sealing They vary from almost zero m well-packed, 
properly sealed silos, to 20 per cent or more in loosely filled, inadequately 
sealed horizontal silos There is particular danger of such losses m forage 
which is somewhat dry because it is difficult to pack 

Fermentation. Fermentation losses due to normal microbial and 
physiological activities of the aerobic organisms range from 3 to 8 per cent 
This vanes with the ensiling period, moisture content of the herbage, the 
amount of surface exposed, and the packing efficiency High-moisture 
forages usually undergo more fermentation than willed herbage Fermen- 
tation losses usually are higher m trenches and stacks than in upright silos 
because of more surface exposure, less packing, and more difficult sealing 
problems Experimental results from various locations differ as to the 
economic significance of losses from the breakdown of protein by aerobic 
bacteria Cattle often will consume foul-smellmg silage and utilize the 
nutrients of it well No one doubts, however, that silage without putre- 
factive odors is more desirable from the point of view of the workers 

Seepage. Seepage losses vary with the moisture content of the herbage 
and the absorptive capacity of the additive The solids content of silo 
seepage vanes from 4 5 to 11 5 per cent In most silos seepage occurs 
from any forage containing 70 per cent or more moisture It is more pro- 
nounced m lower silos because of the weight of the silage in relation to 
the surface Perhaps this is one reason why horizontal silos are popular m 
regions where high-moisture herbage constitutes the bulk of silage crops 

THE SILO AND ITS REQUIREMENTS 

A very large number of diffcrcm silo types arc m use These vary from 
massive concrete structures with complete equipment for compressing the 
contents, to simple plastic bags Other types include conventional and 
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gas light tovvcr silos, tub silos, trench pit, and clamp silos, vsirc and 
plastic silos, and bunker silos vvhich m i> be m idc from sarious materials, 
but uhich usual!) are of s^ood or concrete 

Venting the Silo 

All silos arc designed to provide anaerobic conditions, yet completely air- 
tight storage IS not only dillicult lo accomplish, but inadvisable \\ hen a 
container is sealed completely, the gas inside expands and contracts as the 
temperature rises and fails Some of the time there will be a vacuum, per- 
haps enough to buckle the Vkalls lienee some ventilation is essential to 
relieve vacuums or excessive pressures in the storage V'enting also is 
necessary to allow air to enter the structure to replace feed which may be 
removed Small amounts of air introduced occasionally at the top of the 
storage and allowed to mix with the accumulated gases before contacting 
the contents, arc not harmful These principles apply to all silage opera- 
tions, but arc especially important in the case of gas-tight silos and struc- 
tures for storage of high moisture grim 


Tower Sties 

Conventional tower silos still are used widely where silage is not wilted 
to an extent that reduces the moisture below 60 per cent Where the 
moisture is reduced to about 40 per cent the forage must be weighted 
unless a near perfect seal can be achieved \%eightmg is done routinely m 
a y, ui m America where labor is very expensive this part of the process 
IS eliminated, and thus highcr-moisture material must be used Ordinarily 
concrete, steel, and other upright silos arc prefabricated in the form of 
taves wh^h are assembled at the site of erection A typical stave silo is 
showninFigure8-7 

arc scaled as th ' ^ openings ai one side The openings 

chme's°oh'e"n are" 'a** ''“"P'” “'"‘S'' " hkely lo Irecze and hence ma- 
been popular .0*“’'*^ T'"** “P"5hl silos These machines base not 

'a ^oes no. freeze 

same ra.e,ha..,ca„‘'be°re,^„“X'ha”d^' 

feed across the 1^0^20 "eel S'"""® 

come by usine a shnn i opening This difficulty can be over- 

drops from .he silo ,1 sho'i.ld'faird.’'e '"“'h®' 

oircctly into the wagon or truck or bet- 
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the silo contents Within the volume limitations of the bag the pressure 
within the structure is maintained essentially at zero A pressure-vacuum 
relief valve which employs the same principle as a safety valve on a steam 

boiler when necessary handles volumes larger than the bag , 

Forage is put into gas-tight silos through an openmg which ‘S just la ge 
enough to accommodate a pipe from the blower The opening is sealed 
with a screw cap when not m use The ensilage is removed from the bo - 
tom by machinery Since sealing is almost perfect, no packing is neces- 
sary, and forage or grains of almost any moisture content can be used 
Feeds varying from almost dry forage (haylage) to high-mo.sture grains 
can be stored in this way with virtually no loss 

Tub Silos 

Tub silos are upright silos of very wide diameter As some of these 
large-diameter s.lo^ are being filled, a heavy cylinder 

fixed upright on the bottom, is pulled , av ne a ho e 

the forage IS heavy, it settles quickly around the mrpedo, leaving a hole 

in the middle when the operation is completed The 

through this torpedo hole by hand or machinery, and after i^g it is 

handled in the same way as feed from other tower silos An ■nnovat.on s a 

structure of concrete or metal with four or more series of doors These tub 

silos are fairly easy to unload by hand because most of the contents are 

near a door 

Pit Silos 

Pit silos are just what the name implies They are used widely in many 
European countries but seldom are seen elsewhere, for the 
when they are large enough to hold a practical volume of silage, the labor 
required for their operation usually is greater than for other type of struc- 
tures Also, in many parts of the world, there is danger that the water 
table will rise high enough to enter the bottom of the pit 

Trench Silos 

As the name implies a trench silo is not as deep as a pit silo, and is 
horizontal Here there is more chance for exposure of the contents to he 
air, and thus more spoilage can be expected On the other hand, the 
trench is so much more readily accessible, that labor costs and require- 
ments are very low compared to those involved in the use of deep pi s or 
storing herbage Thus where operations are large and the soil is suitable, 

the trench continues to be popular . , , r u 

A low water table and clay soil are desirable in the location of trench 
silos Often the trench can be dug into the side of a hill so that it is easily 
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accessible for loading It is a good idea to slope the trench lengthwise from 
the uphill end so that a wagon or truck can enter there and leave at the 
downhill end In this wa^ the vehicles which bring the silage from the field 
also help to pack it 

The sides of trench silos should be sloped outward from bottom to top 
to help keep the contents tightly packed and to prevent cave ms However 
if the sides slope too much settling is likely to be hindered It seldom is 
desirable to slope the sides more than o inches per foot If cave ins occur 
with less than this much slope it is advisable to line the silo w ith concrete 

The Bunker Silo 

For areas in which trench silos require lining because of soil types or 
where water tables are high perhaps the bunker silo (Figure 8 8) is more 
practical Bunker silos are above ground structures composed of walls be 
tween which ensilage is compressed The walls may be of lumber poured 
concrete concrete blocks or any other desirable material In any event 
they must be strong and should be braced since the weight of the silage 
will exert considerable pressure 

Forage is put into and taken out of bunker and trench silos in much the 
same way Dump trucks or self unloading wagons can be driven through 
dumping their load on the way Forage then is spread and packed by 
wheel tractors equipped with blades Wheel tractors are best for packing 
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since the weight of the tractor is concentrated in the area o«upied by the 
wheels, and thus considerable pressure can be applied A blade, which 
maybe at either the front or back of the tractor, is used to smooth and 

Spread the herbage c r ,c 

When forage is packed into bunker silos to a height of over 5 feet it is 
difficult to enter with a vehicle Hence, use of self-unloading wagons or 
dump trucks becomes difficult This problem can be solved by building a 
long sloping ramp at one end The end of the silo at which the ramp is 
located IS filled first using an elevator or blower 

driven up the ramp, onto the silage, and out the other end of the do urn 
loading on the way Thus it is not necessary for trucks or tractors to climb 
a pile of silage Other alternatives are use of blowers and e evators to fifi 
the entire silo, or keeping an estra tractor m the silo to help pull loaded 
vehicles onto the pile of herbage 

Clamp Silos 

Where sod is suitable but the water table is close to 
silos can be used This is a compromise, being part trench, part bunk . 
and partly just stacked silage Here a shallow trench 

excaLed IS piled along the sides to increase the height 'he s Cu 
forage then is packed as tightly as possible into the trench and as high as 
It ,s feasible aLe the ground Silage stored in this way keeps well es- 
pecially if a good plastic seal is installed Clamp silos are med widely 
m Europe but have not been popular in North America Perhaps this is 
because materials here are readily available for budding bunker silos 

Use of Plastic Film 

Plastic film employed in various ways is one of the most versatile and 
useful materials available for forage prese^ation Silos of various sizes 
can be fashioned with plastic film and welded wire fencing Woven wire 
should not be used because projections from it are likely to P'^ncture the 
plastic A good sdo can be made from plastic in the form of a tube held 
upright by The welded wire {Figure 8-9) To set up this sdo, a section of 
wire IS looped into a circle of the same diameter as the plastic tube, and 
secured with twine The plastic is then tucked under at the bottom and 
draped over the wire circle Feed bags or other protecting materials can 
be placed over the edge of the wire to prevent punctures when the plastic 
IS in the draped position When silage has been stacked above the first 
section the second can be installed The sections are tied together with 
twine because wire ties could make holes in the plastic 

These tube silos can be built up to a height of 12 feet m the manner de- 
scribed Attempting to go higher usually puts too much pressure on the 
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accessible for loading It is a good idea to slope the trench lengthwise from 
the uphill end so that a uagon or truck can enter there and lease at the 
downhill end In this way the vehicles which bring the silage from the field 
also help to pack it 

The sides of trench silos should be sloped outward from bottom to top 
to help keep the contents tightly packed and to prevent cave ins However, 
if the sides slope too much settling is likely to be hindered It seldom is 
desirable to slope the sides more than 5 inches per foot If cave-ms occur 
with less than this much slope it is advisable to line the silo with concrete 

The Bunker Sile 

For areas in which trench silos require lining because of soil types or 
where water tables are high perhaps the bunker silo (Figure 8 8) is more 
practical Bunker silos are above ground structures composed of walls be 
tween which ensilage is compressed The walls may be of lumber, poured 
concrete, concrete blocks or any other desirable material In any event 
they must be strong and should be braced since the weight of the silagc 
will exert considerable pressure 

Forage is pul into and taken out of bunker and trench silos m much the 
same way Dump trucks or self unloading wagons can be driven through 
dumping their load on the way Forage then is spread and packed by 
wheel tractors equipped with blades Wheel tractors are best for packing 
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since the weight of the tractor is concentrated in the area by 

wheels, and thus considerable pressure can be applied A blade, which 
maybe at either the front or back of the tractor, is used to smooth and 

^‘’whentSe^^'packed into bunker silos to a height of over 5 feet, it is 
difficult to enter with a vehicle Hence, use of seh-unloading ” 

dump trucks becomes difficult This problem can be solved by budding a 
long sloping ramp at one end The end of the silo at which the ramp is 
locLd^s filled first using an elevator or blower J*’™ 
driven up the ramp, onto the silage, and out the other end of the do un- 
loading on the way Thus it is not necessary or trucks or tractors to limb 
a pile of silage Other alternatives are use of blowers -d <= kvato s to fifi 
the entire silo, or keeping an extra tractor m the silo to help pull loaded 
vehicles onto the pile of herbage 

Clamp Silos 

Where soil is suitable but the water table is close to 'b' 
silos can be used This is a compromise, being part trench, bu , 
and partly just stacked silage Here a shallow trench 
excavated IS piled along the sides to increase the height 'b' 'vf' 
forage then ,s packed as tightly as possible into the trench as high as 
It IS feasible above the ground Silage stored in 'b‘® '"'leps well, es 
pecially if a good plastic seal is installed Clamp silos are used widely 
m Euripe but have not been popular m North America Perhap this is 
because materials here are readily available for budding bunker silos 

Use of Plastic Film 

Plastic film employed m various ways is one of the most ve-anle and 
useful materials available for forage preservation Silos of various sizes 
can be fashioned with plastic film and welded wire fencing Woven wire 
should not be used because projections from it are likely to 'h= 

plastic A good silo can be made from plastic in the form of a tube held 
upright b> the welded wire {Figure 8-9) To set up this silo, a eel, on of 
w ires looped into a circle of the same diameter as the plastic tube, and 
secured with twine The plastic is then tucked under at the bottom and 
draped mer the wire circle Feed bags or other protecting materials can 
be placed over the edge of the wire to prevent punctures when the plastic 
IS in the draped position When silage has been stacked above the first 
section, the second can be installed The sections are tied together with 
iw me because vv ire tics could make holes in the plasltc 

These tube silos can be built up to a height of 12 feet in the manner de- 
scribed Attempting to go higher usually puls loo much pressure on the 
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Figure 8 9 A plastic tube stio 


bottom Mofcoter it is just as eas> to sian another silo at the ground 
lesel again 

It IS very important to locate tube silos on well drained soil The ground 
must be level since leaning will put too much pressure on the low side 
causing rupture of both plastic and wire 

To remove silage from a plastic tube it is preferable to take the wire off 
one section at a time and to peel a part of the plastic back each time siUge 
IS removed This exposes the feed so that it can be raked off into movable 
s or conveyances The plastic can be kept closed except when unload 
mg IS in progress Thus spoilage is kcp. ,o a minimum 

Silage Bogs 

"" **' 100 pound or 

'S arc douh,r:'’H”'''c'''“"”"^ « 'Ol end, of each small 

bags fashioned ,n",h o*' 

ever They are an confined to small operations how 

Ihe summer-sshen o„'lv's",l"jr“ °' 

supplement pasIures-tLs aso!!r°“"'* ''<>“?l>i>ge are needed to 

sdo possibl, ,end ,„5 sp„da“e 
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Stock Silage 

Sheets of plastic can be used efTecnvely to g 

foraee is niled on well-drained soil or on a concrete slab (Figure 8 11 , 
and then Lvered with plastic film (Figure 8-12), 

( 008”) thick At the ground level the edges may be buried or held w. h 
Mocks The top shoufd be covered lo help hold the plastic down while 
soil can be used for this purpose, sawdust or other nonabra^ve materia 
are preferable, since soil is likely to contain pebbles which may puncture 

‘"idage'Ln be stacked with a farm elevator No packing is necessary 
when the stacks are covered with plastic They can be o any ■ 

for large herds a one day supply can be put into each Th s .s es 

pecially important during the summer when spoilage is more likely to occur 

at the feeding surface 

Baled Silage 

Stacks of silage also may be made with baled 
often found with this type of operation is in making the bales too big Silag 
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bales are less hkely to sh.ft attd tear the seal as mo.sture .s lost and shrmk 
age occurs 

Sealing the Siio 

The gas ,.ght Stic ts -led by merely serew.ng - 

tic sleeves are gathered and tied at P 

stacks are sealed in the storing process „r,#.r5»t!nn Various 

For all other silos scaling is a “ should be airtight, im- 

materials are used for silo seals Wn j n^vihlp Tmnreenated 

zscr:. “““ 

"'"C™ »i» .i.~ ,”T.;n:iXrbr-.?"."." 

terial for sealing silos ,he silo The tube is placed on 

section of plastic tube the same di bottom ts tucked 

top of the silage about 5 covered by a 

th.. . .. ... ... » ... 

silage and often spoilage IS nil ^ horizontal silos, since 

It is especially important S ,j^ase structures and hence a 

there is a rather large area f^ (preferably plastic) is 

chance for considera P 2 to 3 feet over the top the extra material 
fastened at each side ex 5,|os, the side sheets often extend to 

being folded over the side necessary for the plastic to 

extend ' 3 „pected to occur It is best to tuck the plastic 

extent to which they will not be exposed by settling of the silage 

under at the side enough to lap across the ends Another 

The side sheets should be^long e _ ^^g 

sheet of ‘ ,5 added the ends of the silo are sealed in the 

ends After t P ^ usually is The top cover is allowed to lap 

same way the end o^a pac ^g 

arrr^red"togethL and fastened down at each side Thus the entire silo is 
"" &<ccss''Bas' will diffuse through the plastic though there could be a 
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noticeable distension during the first day Air v. ill not diffuse into the silo, 
howeter, because if there is a difTcrcmial in pressure between the inside and 
outside, the higher pressure is likely to be on the inside 

Even when silos are covered with airtight materials it is a good idea to 
weight the cover, and in the case of horizontal structures, it is almost 
necessary Thus if a puncture should occur, only a small area would be 
exposed, whereas if the cover were not weighted, it is possible for one small 
hole to result in air contact and subsequent spoilage of the entire surface 


Capacity of the Silo 

It IS quite easy to figure the volume m cubic feet of almost any silo 
Upright silos are cylinders, and hence the volume is ff x A, where 
V = 3 1416,7? = radius, andA = height Since horizontal silos usually are 
made with straight sides, the volume IS mere length x width X height If 
the sides slope, it is necessary to use an average width which is 
If top + tt bottom 
2 

Most data on silo capacities arc computed from the densities at various 
depths of corn silage containing 70 per cent moisture These do not dif* 
fer greatly from the densities for grass silage under similar pressure Since 
the width, height, and slope of the sides of horizontal silos vary so much, a 
table for this type of structure is not practical Silage in horizontal silos 
will weigh 30 to 40 pounds per cubic foot If density is 35 pounds per 
cubic foot, height is 6 feet, width 20 feet at the bottom and 21 feet at the 
top, and length is 60 feet, capacity may be calculated as follows 


21 ' + 20 


X 6' X 60' 


. 7380 cu ft X 33 . lbs - 129 tons 

2000 


The same formula will work for honzomal silos csen after part of the 
silage has been fed, since that remaining part will differ only m length 
tor upright silos there is another complication as the depth in the silo 
increases so does the density because of the pressure from abmc Use of 
appropriate tables makes it easy to calculate the amount remaining after 
partial feeding from tower silos, however For example if a 
6- by 40 ft tower silo conlamed 33 f, of settled s.lage at the beginning of 

calculared as Mol 


deotlT^'^'a ^ (Table 8 1) x av Ibs/cu ft (Table 8 2) minus 
depth t^oved X (Table 8 1) x av Ibs/cu f. (Table 8-2 , hence 

(33 x 201 X 44 3) - (20 x 201 x 34 9) . ,71 3,2 lb or 8, 68 too. 
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Table 8-1. Upright Silo Capacities in Tons* 


Inside Diameter (ft) 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

Cu ft per ft of 











Depth 

II3.1 

153.9 201.0 

254.5 

314.2 

380.4 

452.4 

530.9 

615 6 

706.9 

Depth of Silage (ft) 





Copacily (To 

ns) 




20 

36 

50 

65 








30 

68 

92 

12) 

15) 

166 

225 

268 

3)4 



40 

100 

135 

177 

224 

276 

332 

394 

463 

538 

617 

50 

133 

183 

238 

302 

373 

452 

538 

631 

732 

840 

60 

172 

234 

306 

387 

478 

579 

689 

808 

937 

1076 

70 

213 

290 

379 

480 

592 

716 

852 

1001 

1162 

1332 

*Hoord' s Datrymm, April 10, p. 

387 (1960). 








Table 8-2 Weight of Settled Silage per Cubic Foot* 

Depth cf Settled 

SI lege 

Average Wt 
per eu ft 

Depth of Settled 
Sllege 

Avora^o tfr 
per cu ft 

Feet 

Pounds 

Feel 

Pounds 

1 

18.5 

21 

35.6 

2 

19.7 

22 

36.3 

3 

20.8 

23 

36.9 

4 

21.8 

24 

37.6 

5 

22.8 

25 

38.2 

6 

23.8 

26 

38.9 

7 

24.7 

27 

39.5 

8 

25.6 

28 

40.2 

9 

26.4 

29 

40 8 

10 

27.3 

30 

41.4 

11 

28.1 

3) 

42.0 

12 

20.9 

32 

42.7 

13 

29,8 

33 

43.2 

14 

30.6 

34 

43.7 

IS 

31.3 

35- 

44.3— 

w 

32.1 

36 

44.9 

17 

32.8 

37 

45.4 

18 

33.5 

38 

45.9 

19 

34.2 

39 

46.5 


34.9'* 

40 

47.0 


•NooftT* Datryf^n, Ap#^il 10, p. 387 (1940). 
to In t♦«t. 
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CORN AND HIGH MOISTURE GRAINS 

Gram crops may be ensiled as whole plants or 'he may^b 

rested before maturity and ensiled as high moisture g 
mam crop handled in this way hut sorghum grain 

crops also can be ensiled cither as whole plants or as h g 


Corn Silage 

One exception to the rule for using plants before seeds 

corn which IS cut for silage In this case more nutrients are o ^5 

seeds are formed Com silage is not just a roughage it is a 

well as a roughage The corn gram in silage is high in soluble nutn ^ 

low m fiber Hence the content of energy bearing nutrients in 
high compared to silages made entirely from leaves and stems 
be considered when high energy feeds are supplemented to meet 
mal s nutrient requirements j 

Motunty Generally it is advocated that corn kernels be a ow 
reach the dough stage before ensiling The kernels are firm 
with sugars and starches Earlier when the kernels are soft an 
mamly with fluids (milk stage) resulting silage would be lower m nu 
because maturation of the seeds occurs largely as a result of ^ and 

esses as long as the leaves are green Later when the grain is 
flinty the rest of the plant is likely to have deteriorated In dent j 
one can tell when the kernels have reached the best stage for silage be 
at the proper stage of development the dent is very distinct At ^ j 
the chopper will knock about half the kernels from the cob during the 


img process 

Maluray of tht ktruef takes care of the concentrate part of corn s^S' 
e roug age part must not be ignored however It is our purpose 
srte corn vthen the kernel is as mature as possible (thus giving no'" 
e characteristics of concentrate feeds) but at the same tune 
leave, most be green srate leaf content is characteristic of good 
nlants ! naturally is necessary Silage made of very mi 

Lo wh ' ' “ •'''"'over when the corn is P"' h 

tS, rre In “"T"' “'o 'VP" ™" a ,s sot 

tarn Iv to ml I "‘-on "O™ 

generally redncXonsldeVaMy' "">» p^nt s.l»S' 

The oat plam and poslhW s^T''" "" umn"s" 

foplced untt, the mtik stag/ ^^“1" luyTlh^rago decrcos" 
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rapidly. Hence oats yield the most productive nutrients when seed heads 
have just formed. 

Recent emphasis on high-energy feeding has prompted many farmers to 
leave some of the roughage portion out of grain-crop silage. Thus by 
cutting the whole plants from one row of corn and picking only the ears 
from the next, the concentrate-roughage ratio of corn silage is narrowed. 
Another method involves cutting only the center of the corn plant. 1 he 
part above the ears and near the base of the stalk are lowest in nutrients, 
and they are left on the land. For sorghum, oats, milo, and other grains, 
often the harvester is raised to a point which leaves most of the plant 
Other than seed heads standing. 


The Trend Toward Ensiling High Moisture Grains 

Grains alone often are ensiled before nutrients are lost due to processes 
of maturation. High-moisture grains such as corn, oats, wheat, rye 
sorghum, and milo are being ensiled in ever increasing quan i le . 
are highest in nutrient content per unit of dry matter before ^ 

yond the point at which moisture content is 20 to 30 per cent^ 
system there is no drying loss, picker and handling loss, an very i 
ensiling loss 

Estimates of silo capacity from volume determinations are more ac'iurate 

for shelled corn or similar grains than for forage. A us e o o. 

defined as 56 pounds of corn with a moisture content o[ ISA per cent, an 
it occupies IK cubic feet per bushel. In this state corn can be store 
safely in air and is not considered high-moisture gram. The capacity of 
silos or circular grain bins for dry corn is the volume ote structure in 
cubic feet {given in Table 8-1 ) divided by 1 .25 or multiplied by 0 8. 

Wet shelled corn (25 to 30 per cent moisture) occupies more space than 
dry corn. From weigh-ins on four test silos at the University of Illinois, it 
was found that for 25 to 30 per cent corn a satisfactory f°'' estimating 

capacity is 1.4 cubic feet per bushel. Hence for wet shePed corn the ca- 
pacity is the volume of the storage structure m bushels divided by 1 .4. 

The Stored Grain. After high-moisturc grain has been put into the silo, 
most of the oxygen present in the storage space is converted to carbon 
dioxide by respiration. This happens within a few hours after the struc- 
ture has been filled, and then fermentation begins. After weeks of storage, 
such grain has a fermented odor. The texture is softer than that of dry 
grain and the color is somewh.at darker. It is highly palatab^ to live- 
Stock. Ensiled grain loses its ability to germinate, however, and hence is 

suitable only for use as a fccdstufT. 

//.fh.Uouiurr Crc.ns Getting high-moisturc corn or other gram 
into the air-tight silos poses no special problems, with one exception. If 
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shelled corn js put in with a blower, the machinery should be run as slowly 
as possible If the blower is run too fast the kernels will be cracked 
This cracked corn will not spoil as readily as the whole kernels while it is 
in the silo but it w'lll spoil more quickly than the whole kernels when put 
in self feeders Cracked corn is likely to bridge over the type of unloading 
augers which are u'ed m airtight structures Thus a layer of com forms 
abo%e the auger without touching it The corn forming the bridge cannot 
move and it prevents the gram above it from falling into the auger 

The problem of loading ear corn, or shelled corn, into the larger diameter 
silos with top center opening has been solved by using slow-spccd blowers 
and 22*^^* elbows in the pipe to produce a slow, gentle curve for the ma- 
terial as It IS blown into the silo Bucket or flight elevators also arc satis- 
factory for loading high moisture grains 

The best angle of elevation for an all purpose handling of silage is about 
43* At that elevation delivery height is 7/10 of the elevator length Extra 
length usually must be provided, however, since the ground often slopes 
away from the base of the silo and the elevator should extend well over the 
edge 

Lnloadtng Gram Sdag< For removing the grain, airtight silos must be 
equipped with some form of mechanical unloader which can be scaled 
when It 15 not in use The chain-type unloading conveyor with which the 
glass lined silos are equipped works as well with either ground ear corn or 
shelled corn as u does with forage silage Augers are used often to move 
materials They consist of a screw device within a tubular housing, as the 
screw turns, the material is forced through the tube Auger unloadcrs may 
be employed, although the auger unloader generally is used on shelled 
corn only Other silage materials and ground car corn lend to bridge ex- 
cessively 


Shelled corn docs not bridge seriously if it is not cracked considerably or 

if Its content of moisture IS not above 30 per cent In car corn it is best, as a 

rule, to let the moisture decrease to about 23 per cent During storage the 
kernel absorbs moisture from the cob Hence ear corn with over 23 per cent 
nioisture ccomes too sour and too watery for easy handling A small load 
of dry gram placed over the auger before filling the silo with the high- 
oisture material will help start the flow of the grain on the initial unload- 
mg emoving a few bushels every week or two during the storage period 

will prevent the building up of bridges 

the ^ more horizontal auger tubes m 

hkeWthat' “"‘“PP'>'e™'>'o>be auger If one bridges, it is 

o ca" h 1 r ■>'' ■» fif'd » '‘■P 

so It can be sealed airtight 
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Imbortmct of Silo Strength Most existing silos were constructed before 
grains or grass silage became popular, and hence they were designed for 
whole plant corn or soybean silage only. They may burst if filled with 
high-moisture hay crops or grain. Usually, however, if the footings are 
sound, the interior has not been pitted extensively by acid, and reinforcing 
is tight and free from flaws, no trouble is likely to occur. For stave silos i 
is important to check the exterior reinforcing hoops and replace any whic 
are not strong and capable of being tightened. The mortar joints of con- 
crete block silos also must be in good condition They should be coa ed 
with acid-resistant material because leaky joints allow acids to corrode he 
reinforcing. Stave silos are constructed with acid-resistant material at the 


juncture of the blocks 





HAY 


We noted in Chaiter 8 that stored plant nltrients are depleted by 
the contmuation of plant metabolism until a point is reached where the 
pH u loiL enough for the life processes and the contingent wasting away of 
nutrients to cease However, hay (dried forage) offers another solution to 
this problem of nutrient waste, for the reduction of moisture content of forage 
to 20 per cent or less stops the metabolic depletion of stored plant nutrients 
Thus the dr> ing of forage achieves two desirable results m one bold stroke 
(1) the metabolic depletion of stored plant nuinents is curtailed and (2) 
the dry-matter content of the feed is increased significantly 
Cunng IS defined as the drying of forage to a moisture content ahich stops ehemi- 
cal and bacterial actions including healing and respiration, tilth oceompanying ef‘ 
feels on flacoT, aroma, and nutrient content The moisture can be removed in 
the field by the action of the sun and winds, by mechanical dryers, or a 
combination of the two While the hay is drying the sugars and proteins 
react with each other and with other plant nutrients to form products of 
ftrmentaiion and other compounds that give hay much of its fragrance and 


Smet most of the nutrients in forage plants are stored in the leaves, good 
JL “j '' >>"" C“> "rly, cured rapidly, 

cpt ty ^3>s will be green In color, highly digestible, palatable, 

in protenu high in minerals and will contain considerable amounts of 

carotene which is the precursor of Vitamin A 

>>310 more leaves per unit of dry forage than do other plants 
eiam „l, ''aluable as hay crops than are 

fZvh rr " f P'*-"* ■>' other species conta.n 

smaU cram " ° however, and most grasses, including 

amLuZsh™'”’ "V” Stttsses are e^ter to cure than 

HivTthe ' to shatter 

handle It can°he^°^^*Y roughage because it is relatively easy to 

^3r,oZ';eTLd^:rolZr"’^‘^r 

easilv ODcraTioH Modem equipment including durable, 

s.11 operated mowers, eondtttoner. to hasten drymg ttme, and auto- 
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mated systems of handling hay has kept interest in this type of feed strong. 
Thus it is the roughage most often purchased by dairy managers who 
need more than they can raise. 

Since good hay will be consumed to an extent of three or more pounds 
per 100 pounds of live weight daily, it is easy to understand why hay is re- 
garded as one of the best feeds available for all classes of cattle. Like 
silage, it can supply the entire requirement for protein, minerals, 
various unidentified factors, and a large part of the energy nee s 
though hay is easier to feed and store than silage, there is somewhat more 
risk in the making of hay. Thus we find that some dairymen use one, some 
the other, but many use both hay and silage. In fact, it is not unusual now 
to see dairy cows being pastured, and in addition fed si greenc op, 
and hay. Moreover, hay is a good supplement to any or all of the succulent 
feeds because it induces the cattle to consume additiona ry matter. 


HAY MAKINGi GENERAL REQUIREMENTS 

Achieving good quality hay involves an understanding of the 
requirements of the process and the product. The apparent simplicity of 
hay making is somewhat deceptive, since considerable knowledge alert- 
ness. and skill are required to produce quality hay 

always be on guard against large-scale loss such as can b= caused by am 
Therefore, before considering the role of mowing mach n s and he in- 
dustrial aspects of processing hay. we will seek to 8° he surface 

todetermiL the general requirements of the hay-making process. Such a 
discussion in effect constitutes the fundamental principles “ hay mak ng^ 
The general requirements of hay making are determined by such factors as 
type of plant, conditions of growth, maturity a, cutting, effect of ram, and 
Speed of curing 


is determined by many factors, one of the most 


* cent of their 


Type of Plant 

Although the value of hay ^ ^ 

mportant is the yp P which is highest in 

d^ matter m the d,ge 3 ted. ^The grasses seldom con- 

P ein, 'owes . ^ matter in the leaves. On the other 

am over 3 per le-ives much better under conditions of curing and 

hand, grasses retain tne ic»i»'' 

handling. whereas others are especially difficult to dry 

ome p ^ f»nss is very' springy, it holds itself apart, allowing 

alrm chcltc^frclys'^nd thus drys rapidly. White clover, on the other 
, . . it tends to pack together and remain wet unless 

hand, is hmp and hence u r o 
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special techniques are employed These techniques include crushing the 
stems b> mechanical conditioners the use of swath fluffing machinery to 
loosen tie wet forage so air can circulate and artificial dr>mg Such 
methods maj be utilized in the making of good grass hay also 


Conditions of Growth 

Environmental factors often make more difference in hay quality than 
does the type of plant Some grasses (for example pangola Bahias and 
some Bermudas) ina\ contain as little as 1 per cent crude protein or as 
much as 20 per cent depending on the rate of nitrogen fertilization If 
factors (such as lack of nutrients unfavorable temperatures inadequate 
bacterial inoculation soil compaction weed competition drought me 
chanical injury etc ) limit the performance of plants they tend to increase 
m fiber and decrease in content of soluble nutrients This is because of 
immature stimulation of impulses favoring reproduction rather than the 
storage of nutrients 


Maturity at Cutting 


Maturity at cutting can make a marked difference in the quality of hay 
Mthough immature forage has a higher percentage of leaves and conse 
quently a higher percentage of available nutrients than does older forage 
stems frequently develop so fast that a hay crop requires close observation 
In fact a difference of a few days m growing time is likely to make more 
difference m quality than is the species of the plant Thus early cut grass 
i It IS well fertilized may contain a larger percentage of nutrients than 
legumes in late bloom 


Experiments in Canada with red clover have shown that in an eleven 
ay period (from the time heads began forming to the early bloom stage) 
t ere v>as an increase of 30 per cent in the weight of stems with a cor 
fcspon mg OSS of leaves This observation appears serious when one con 
^ *^35t three times the nutrients found in stems 

th^T ^ loreover experiments in England* demonstrated that 

ce va ue was affected more bv cutting dates than by method of hay 
making except under extremely adverse conditions (Tables 9 2 and 9 3) 

nn rT^ II. ^ of Agriculture^ investigated the effects 

Ta, mL”. ° of "“•""■y Th. ha, 

.n tall blocm'"Vh?La >■0"““'” 

12 mnrttV, u , ^ Comparable groups of cows over a 

lacauon p„,od s summary of .her reul.s ,s shown .n Table 


''ork at Cornell 
Marvland has show 


Lnivcrsiiy^ and at the L S D A Station Beltsville 
n that cutting date in these areas is one of the most 
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Table 9-1 Proportions by Weight of Leaves and Stem in Hay from Red Clover 
According to Stage of Maturity When Cot 


Stage of Maturity 

When Cut 

Days Betweert 
Stages 

Leaves and 

Fine Stems (%) 

Mam Stem (%) 

Prebuddmg 



75 

25 

Budding 

5 

51 

49 

Early bloom 

11 

34 

65 

Full bloom 

10 

30 

70 

Heads brov/n 

18 

25 

75 


important factors in forage quality (Table 9-5) The productive energy 
(TDN) of first-cutting forage appeared to decrease by 0 5 per cent per day 
of delay after June 1 m the harvesting of first-cutting forage m New York 
state Digestible protein decreased also, as shown in Table 9-5 

Naturally some compromise is necessary The most nutritious hay 
could be made from grass cut at the height of most lawns, but obviously 
this would not be practical Generally, for grasses and legumes, early 
bloom IS suggested as the proper time for harvest One reason for waiting 
so long IS the general belief that this is necessary to proper conservation 
of reserves in the roots It is true that nutrients are stored in the roots so 
that the plant can be kept alive during the dormant period and m condi- 
tion to put out new growth at the inception of the growing season How- 
ever, the practice of harvesting at early bloom seems questionable, since 
blooming plants take nutrients from the leaves for reproductive functions, 
thus resulting m a decline in the quality of the hay that is harvested for 
animal usage Moreover, higher annual yields often are obtained by har- 
vesting plants during the prebloom stage 

At the Florida Station, for example, alfalfa has yielded nine cuttings per 
year when cut in a prebloom stage The total yield of fresh material has 
averaged 31 5 tons per acre annually Should this practice be avoided be- 
cause It depletes the reserves to an extent that often makes annual planting 
necessary'^ This question is certainly open to discussion, and the decision 
should be different for different locations and conditions The principle, 
however is the same ‘ioung plants have more leaves and thus more mdnents 
than do older plants of the same weight 

Effect of Ram 

Forage which still contains most of its natural moisture is not damaged 
by ram After the herbage has dried, however, ram \cr> seriously de- 
creases the value, particularly of legumes, by knocking leaves off and leach- 
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Table 9-4 Composition, Yield, and AAilk-Prodoction Characteristics of Alfalfa 
Harvested at Three Stages of Maturity (3-year average)* 



Initial Blaem 

Half Bloom 

Full Bloom 

Leafiness {%) 

46.0 

46.0 

41.0 

Protein (%) 

18.2 

18.3 

15.7 

Fiber {%) 

28.9 

28.5 

32.7 

TDN (%)** 

59.0 

56.7 

53.9 

Protein yield 

1427.0 

1381.0 

977.0 

per acre (lbs) _ _ . 

TDN yield per 

4660.0 

4413.0 

3269.0 

acre (lbs) . . 

Gam per day (lbs) 

+0.08 

+0.17 

+0.01 

Averoge daily 

27.9 

23.6 

20.8 

FCM (lbs) 

DM per day (lbs) 

34.9 

34.8 

3J.6 

FCM per 100 lbs 

79.9 

67.9 

62.0 

DM (lbs) 

FCM per acre (lbs) 

6194.0 

5145.0 

3814.0 


♦From as. Dept. Agr. Tech Bo/. No. 739, 1940. 

♦♦Digestion coefficients determined with sheep on the 1937 crop only 
were applied to the data for the entire three yeors. 


ing nutrients Since the leached nutrients are soluble, they constitute the 
most valuable part of the hay Grasses also are depreciated by wetting but 
to a much lesser extent than legumes if the harvest is managed carefully 
Grass hay, particularly if it has been cut with a dull rotary mower or 
flail harvester and/or has been crimped or crushed, dries quickly with a 
minimum of leaching of nutrients and almost no shattering of leaves An 
effective procedure for saving grass hay which has become wet by ram is 
discussed later m this chapter (page 121) in conjunction with the discus- 
sion for field handling fresh forage . , , , , 

The effect of rain is especially pronounced if it falls while the herbage is 
in the swath (refer again to Tables 9-2 and 9-3) Of course, decreased 
quality in wetted forage is due partly to the prolonged exposure These 
data show that during the curing process, hay always sustains some loss of 
organic matter, thus artificial drying results m superior feed by speeding 
the process and by making extra handling of unbaled forage unnecessary 
The difference m hay quality, however, is not of sufficient magnitude to 
justify the extra expense of artificial drying except m a very wet season 

Speed of Curing 

Since It has been shown that plant metabolism continues m forage after 
It has been cut and that metabolism can deplete large amounts of nutrients, 
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the advantage of fast curing to stop this waste is obvious In fact, rapid 
reduction of the moisture content is essenltal to efficient preservation be- 
cause plant enzymes that deplete stored nutrients cannot act without con- 
siderable moisture Moreover, respiration and other physiological actions 
which occur at the expense of plant nutrients are terminated by drying 
However, it should be noted that as soon as life processes cease, micro- 
organisms act on the plant nutrients until further drying ^ 

activity Unfortunately, this type of fermentation causes considerable loss 
of nutrients and heat This not only depreciates the quality of the hay but 
the heat could result in fire 

Drying forage artificially will preserve more of the nutrients, but often 
the question is raised, “Doesn’t curing hay mean something more than dry- 
ing, and isn’t the other part of curing desirable’’’ Ordinary, changes 
other than dehydration do occur in the curing of hay These changes take 
place as a result of chemical actions which deplete nutrients ey en ance 
the aroma and flavor, however, making a definite answer to the second part 
of this question impossible It might be said that changes in t ® ® 

hydrates and proteins which help flavor are desirable so ong as ay re 
tains most of its green color 

Browning Hay which has gone through heat and turned brown often is 
relished by livestock They will eat it m preference to green, leafy hay 
which IS much higher in productive nutrients The fermentation and 
browning processes which affect proteins and sugars cause carame ization, 
which gives the hay a desirable flavor but at the expense of the most valu- 
able of the nutrients Good hay has much of its original color 

Since a certain amount of change due to chemical, enzymatic, and meta- 
bolic action occurs even under the most favorable conditions, it is est to 
remove moisture from forage as quickly as possible, leaving the browning 

process to nature ,, 

Hoy Conditioners Since hay must be made as quickly as possible, con- 
ditioning by such methods as crimping, crushing, or frazzling the stems can 

play an important role . . 

Equipment used to score or crush wet forage liberates moisture from the 
stems, and this can speed the drying process tremendously Hay con- 
ditioners now are fairly simple machines which run the orage etween 
rollers or crimpers (Figure 9-2) They are highly desirable additions to 
any system of haymaking, as noted previously, they can be used to help 
condition forage which is to be ensiled 

Aitificial Drying. When hay is cured by artificial heat and/or forced 
air, usually a large part of the moisture is first allowed to transpire nat- 
urally m the field for reasons of economy Thus, with most systems, really 
severe weather still prevents haymaking The chances for haymaking are 
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many times more numerous m an average year, however, tf equipment for 
removing part of the moisture artiBcialty is available Most systems now 
in u'c employ heated forced air, the hay that is being dned may be in 
round or square bales or loose 

Some systems operate by forcing hot air through tunnels to all parts 
of the enclosure thus allowing it to nse through the whole mass of hay at 
once However, when air is forced upward into the lower areas of the sys 
tern often it escapes around the relatively loose top bales, instead of 
passing through them Consequently, they are left wet However, other 
systems put the heated air m at the top forcing it downward through the 
hay (Figure 9 1) \N hen this type of system is used, a chamber at the top 
for collecting and compressing hot air is desirable The initial force of the 
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mg droppings in pastures These machines may be mounted on the side, 
rear, or under the tractor, or may be pulled behind Some of the rear- 
mounted rotary mowers can be picked up hydraulically and placed pre- 
cisely when desirable, as in the fenced corner of a pasture Some are driven 
by friction of wheels rolling over the ground like push-type reel lawn mow- 
ers Others are powered by the tractor In general, they operate more 
smoothly and are made of more durable materials than machines of a 
decade ago 

Sickle-bar Machines 

The sickle-bar or cutter-bar principle has been in use for close to a cen- 
tury The cutter bar is the vital part of such machines, and consists of a 
sectioned knife which slides rhythmically to and fro at an angle of 90 to 
the direction of travel of the machine The forage is caught between guards 
which hold It until it is cut by the corresponding knife section 

Improved designs and more rugged materials developed during the past 
decade have resulted in new sickle-bar machines which are so well balanced 
that they operate with almost no vibration and thus may be used for long 
periods with little maintenance Clogging of the cutter bar wit 
virtually has been eliminated by means of special guar ^ an ou e 
siekles Fast-hitch also has made these machines practical The mowing 
machines can be attached or removed from the tractor in a ew minutM, 
whereas only a few years ago several hours were require or t e jo 
course, the tractor remains free for other jobs when actual mowing is not 

being done , 

At one time there was a trend to combine crimpers or c^rushers with 
sickle-bar mowers so that the forage could be cut and conditioned in a 
single operation with one machine However the new sickle-bar machines 

move very fast, and the trend has been away from such combinations even 
though credible mower-crushers still are available Now most conditioning 
in connection with sickle-bar cut forage is done by pulling an additional 
machine behind the mower (Figure 9 2) Since modern crushers and 
crimpers are much simpler than machines of a few years ^ ® 

pulled easily by the same tractor that docs the mowing Moreover, since 
their action requires no very fasl moving parts, friction drive is quite satis- 
factory for these machines 

Flail Choppers and Rotary Mowers 

Using the nail harvester for conditioning hay requires considerable skill, 
particularly if the forage is a legume The ground speed and speed of the 
rotor (and flails) must be coordinated If the rehme ground speed is too 
slow the forage may be chopped so much dial the pieces mat together. 



120 


HAY 



Figure 9*2 lowing and conditioning hoy iimutlaneeusly with iwo pull 
behind machines (Courtesy New Idea Form Equipment Co ) 


restricting the movement of air For this reason these machines v.ere not 
used extensively for legumes until flail harvesters were made especially for 
hay Ifthe ground speed is too fast the stubble is ragged and drying time 
IS not reduced as much as ti should be 
In grass a somcv^hal faster job can be done with a rotary mower than 
a ai machine Both arc slower than sickle bar mowers however 
for cutting legume hay crops if the blade is 
In " r forage is cut but not conditioned by the blade 

murhth,.^^*' ° crops the rotary mower conditions the forage m 

and thf harvester The stems are frazzled and split 

blade mu^i'h* ^ ripped lengthwise several times For this elTect the 
ttml necessary to avoid merely knocking the 

stance becaJ u The conditioning of grass results m this m 

Jhe ground " ^ *han cuts the forage from 

hours a swath for from one to two 

.S ra,h.r .„(! ,„d sprmgy “"""I 

at this time the H f ^ * forage is raked or if a swath fluffer is used 

blc,:.Ve"l ,,, r ■‘’-■"‘'.ch ,..11 .s „e. Then 

™.emlap,n S”” 

fly appearance to the forage (Figure 9 3) 
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In good weather circulation of air will finish the curing in another three to 
four hours. 

Field losses with either of these machines will be one to three per cent 
higher than those that occur with crushed or crimped hay. Still the labor 
and equipment cost is less, and under some conditions drying is faster than 
with more conventional methods and machines Moreover, crushers ^ 
used on forage cut with rotary or flail harvesters. Crimpers help by Hutti ng 
the cut material, although usually the rotary or flail-cut forage particles 
are too short to be conditioned further by crimping. 

The same procedure described for field handling fresh-cut forage is 
effective in saving grass hay wet by rain. About two hours o suns me wi 
dry a thin layer on top of the forage. Rakmg mixes this dry material into 
the forage to produce a fluffy mass permitting free circulation o air an 
quick drying The mam loss is due to leaching, and this is held to a mini- 
mum. Several rains, however, can cause severe damage. Still, rain on pan 
gola hay every day for a week at the Florida Station did not completely rum 
the crop because it was raked after each wetting The forage was clean- 
smelling and retained a considerable part of its green color. pproxima e y 
two thirds of the protein content was leached, however 



Figure 9-3. Rotary-tot hoy .howing ripped item* and 
shredded leaves. 
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Somewhat the same procedure can prevent total loss in ratn-damaged 
legumes Leaching always is more extensive than with grass, however, and 
usually mechanical loss of leaves occurs at each raking after the first 


THE FEED INDUSTRY AND DAIRY MANAGEMENT 
Dehydration 

The forage dehydration industry processes over a million tons of hay 
(mainly alfalfa) yearly in the United States Generally, high quality forage 
IS purchased in the field Under this system, all processing including the 
harvest is done by the companies The processes although expensive are 
feasible because the products can be used as special supplementary feeds 
They arc especially high in carotene. Vitamins E and K, and unidentified 
nutntional factors for growth and reproduction After dust depressants and 
antioxidants are added these products are sold as a meal or pellets 

Pelleting 

During recent years interest in pelleted hays has increased considerably 
because pellets can be handled mechanically Moreover, as much as three 
limes as much roughage can be stored in a given area than is possible with 
baled hay Of course, the storage facility must be stronger About the 
same pressure is exeaed by pellets as by such concentrate feed ingredients 
as oats or citrus pulp Pellets keep well m dry buildings, but will expand 
somevshat if stored in a humid place 

Methods Pelleting is accomplished on cured hay only Any method of 
wring IS satisfactory, but in commercial operations dehydrated hay is used 

i A ^11 ground very finely and pressed into small balls or cy- 

lindncally shaped pellets 

rra pellet hay on a custom basis Since the price is 

A , t'’ '"ake use of this service is 

determined largely by transportation costs 

can and the like) 

cost Some I;,r « »s practical depends upon the 

foraee Hnx* °P" 3 “ons use stationary pelletizers that handle only dry 

but the ooeraiion u i P«*l«t‘ng machinery works very fast, 

draior Thus at " ' continuous by the incorporation of a dchy- 

r r 

pelleting mnehtnery ,t exptn,,,, JP' f P'"""" 

able Although “justified in using the best hay avail 

curing hay for pellciinir'^^ and hence the best method of 

? ayforptll„,„g any dry 
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In some states custom operators pelletize feeds at the customer s farm 
The cost generally is high, but many dairymen feel that it is feasible, since 
pellets fit into their operations better than other forms of roughage 

Field-pelleting machines apparently soon will be avialable to the in- 
dividual farmer at reasonable prices Probably they will process only dry 
feed, which will leave the dairyman where he started with respect to curing 
problems 

Effect on Digestibility and Appetite Any elTect pelleting may have on 
digestibility of hay probably results from the increased density o t is orm 
of feed One of the functions of the rumen is to increase the density of feeds, 
for heavy materials gravitate forward and pass into the omasum Particles 
which are light, however, float on top of the rumen fluids, and as the cow 
ruminates, they are rechewed until dense enough to sink upon emg re 

swallowed ,, ^ , 

Since old, ffbrous hay is tough and difficult to reduce into small partic es 
It has to be regurgitated and rcchewed very extensively owever, goo 
quality roughage is easy to chew and the particles absorb sa iva an rumen 
fluids quickly Moreover, tender forages are fermented more easily than 
fibrous feeds, thus they move out of the rumen quickly 

The most important difference between good and poor quality '■°'^S>'»ge 
is the speed with which good roughage can be digeste mce pe e mg 
increases density, pelleting or grinding tends to make goo an poor qua i y 
forages more nearly alike However, the digestibility of good quality for- 
ages might be redLed slightly by pelleting, since pelleted forage moves 
through the rumen more rapidly than does long forage 

Poor quality forage is speeded through the digestive tract a so owevei^ 
less time m the rumen does not mean less digestive action than occurs with 
poor quality forage in the long state This is because ruminatmn time for 
such fibrous hay is concerned mainly with reducing the size of the particles 
On the other hand with ground or pelleted hay, this work is /“f ‘■’'i 
cow, and thus she can consume more of the preprocesse ee ^ 

essmg affects digestibility of poor hay at all, digestibi ity is i e y o 
increased because of the exposure of a greater surface to digestive processes 
In general, more roughage is consumed by cattle when pellets are used m 
place of long or chopped hay This may be partially because pellets do not 
result in sufficient rumen-fill to help in suppressing the yipetite Whethe 
this effect is desirable in dairy cattle remains to be seen Dairymen m areas 
of congested population often have difficulty securing leafy roughage and 
use bulky concentrates instead This often has caused the large breeds to 

quit ruminating and to go off feed . , r .1, 

With plenty of succulent leafy roughage available, cattle are frequently 
'cr> selective of other feeds Under such conditions, high producing cows 
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at the Florida Station refused small, hard alfalfa pellets and rejected most 
of the mixed concentrates offered Very bulky concentrates were eaten 
readily, however When succulent leafy roughage is plentiful, the use of 
larger, softer pellets or wafers seems advisable 

Effect on Milk Fat 

For mpny years it has been known that small, hard pellets when given as 
the only feed cause cows to produce milk abnormally low in fat content 
In fact, It IS not unusual for fat content to decrease by half or more within 
a few days after long roughage is restricted Nonfat solids, however, are not 
so easily affected by feed 

The composition of milk seems to be influenced by bacterial action in the 
rumen Thus the organisms of the rumen attack fiber to obtain energy, and 
the by-products produced (largely acetates and propionates) are precursors 
of butterfat The ratio of acetates to propionates normally is close to 3 1 
Pelleted hay moves out of the rumen too quickly for bacterial fermentation 
to proceed as far as in the case of long forage Thus when pellets are fed, 
more of the bacterial action is on soluble carbohydrates, resulting in a nar- 
ro^ingofthe3 1 ratio A narrow acetic-propionic ratio m the order of 1 1 
IS likely to result in abnormally low fat percentages It seems probable that 
acetates are the mam fat precursors and that propionates and perhaps 
similar compounds control the hunger reflex They are useful in other ways 
a so, since a atty acids can be utilized for energy In fact, some narrowing 
^**^*^^°^*°^*? could be valuable, since when the acids or their 
a small * propionates) are used for energy, propionic acid has 

a smaller SDA than docs acetic acid 

Alternatives 

amoMrs’’of k" sTLTnm "l'’"' da.rymen cut 

Cattle wtllHnti, ^ r, letting cattle pick it up from the swath 

of wilting causera*^r" * succulent forage is accessible, since the action 
tion and^chem.cal sugars and permits enough fermenta- 

Hay mav?;? r " very palatable 

v^hichcanbe form ofbales as small as 12 inches in length, 

(Figures M and ’ At ^'^ndled for the most part by machinery 

sized bales of sdaee are too”h^ ensiled, conventional- 

dinanl^ used handle and baled silage is not or- 

feed .5 consuLd foe some operations The 

resembling upnghl „lo, are e T stored When structures 

handled IS partially dried in 

he field and curing is finished by blowing hot 
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air into the partnlK dr> ma5% \s ihc structure is filled closer to the lop 
the hot air can be directed av.a> from the dry m iternl in the bottom and 
blown directly into the forage to be cured As cattle eat from the bottom of 
the drier the hay feeds down automaiicallj \fosi bridging is presented by 
a large cone in the bottom which keeps the dry hay from slipping down 
ward and outward to the feeding area In addition bunker silos are 
adapted easily to self feeding by an imngcmeni of movable ends through 
which the cattle can reach In this way fresh silage can be kept available 
\lthough pan of the feed may be wafered and the other forage used as 
long chopped or baled hay or silage additional research relative to the 
effects of the physical form of roughage on us nutritional value is needed 
Moreover the nutritional importance of the densitv of feed has not been 
fully examined Uhat effect continuous feeding of pellets vvill have on 
rumen tissues how tightly compressed pellets should be how steam treat 
mems rolling and gnnding influence rumen baciern! action and the 
need for a simple chemical test which is reliable enough for general use m 
evaluating forages (the most promising one at present is the artificial rumen 
technique described in Chapter 3) represent some areas in which our 
now edge IS incomplete The continued advance in automation and the 
cost of labor make it reasonable for modern dairymen to plan to handle 
most of the feed by machinery Such material may be utiliaed in the form 
of long ground chopped pelleted wafered or baled hay or silage or per 
haps in some other form or preserved state not y ci invented 
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In any concentrate (standard or sped il) the concentrated portion is 
mainly the energy producing nutrients expressed as I DN or net energy 
Among the standard concentrates the griins ordinarily contain 70 to 80 
per cent of TUN Also the by products resulting from the processing of 
cereal grams for human use supply high energy feeds for livestock Thus 
the cereals and their by products (mill feeds) prov idc a I irgc portion of the 
standard concentrate feeds Other stand ird concentrates such as whole 
grains and by products of the citrus and sugar industries arc even higher in 
TDN since they have high energy nutrients such as fits ind soluble car 
bohydrates in large proportions On the other hand many of the by- 
products of the milling vegetable oil, brewing and distilling industries 
are high protein special concentrates which arc used as protein supple 
ments 


Since the classihcation of ‘standard ’ or special” is based merely on a 
semantic distinction no cfTort will be made m the present chapter to pm 
point the various concentrates m a feed mixture as either standard or 


special These rather artificial categories have only been employed for 
convenience m articulating a basic concept and are in no sense all inclusive 
In general the constituents of a concentrate mixture are formulated m 
terms of the prime purpose of supplementing forage although secondary 
unctions may be served also Thus mineral matter although producing no 
energy m the body is needed to supplement roughage and grams Hence it 
IS usually included in the concentrate mixture The amount and type of 
mineral supplement required arc determined largely by the nature of the 
soil on which the other feed m the ration was raised Although urea fur- 
s cs no energy and no protein per sc it is often included in the concen 
a e mixture since rumen organisms can under certain conditions utilize 
urea to make protein 

crimped oats citrus pulp beet 
to siinnU^ ^ often are included in roughage mixtures used 

cxDe^s^vr^r' >:‘>nc'mraH!s in areas where leafy feeds are very 

hav eroiind** ^ mixmres usually contain ground or chopped 

mfiber Bulk " hulls or some other feed wh.eh ts high 

high motsturefom ge'""'^'" for supplementing 


the concentrate mixture constituents 
EnetgySouice Ih, Cereal Grams 

largest 'h' Srass family supply ih' 

concede “ora The""”™'t'“‘‘‘ 

part utilized most frequently is the whole kernel 
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In the case of mature cattle, these grams need to be ground or tracked, 
otherwise they could pass through the digestive tract unchanged Ihe 
entire ear, including the shuck, often is ground and used in the South, in 
the North corn and cob meal is used without the shuck In these forms 
(which include cob and sometimes shuck) corn is a bulky concentrate 

Other important cereal gratns are wheat, barley, sorghum, milo, rye, 
buckwheat, millet, emmer, and spelt The characteristics o t ese ® 
and numerous other feeds have been described in detail, by orrison an 
Schneider ‘ In general the cereal grains and their by-products are high in 
Starch and low in fiber, although some (such as oats) are quite bu y su 
ally they are low in protein, and the protein that they do contain is o p 
quality All grains are low in calcium None of them contain apprecia 
amounts of vitamins needed by dairy cattle, although yellow corn can e a 
important source of carotene, the precursor of Vitamin A n genera , 
feeds are used as a source of energy 


Fiber and Digestible Energy the Bulky Concentrates 
The designation “bulky concentrates” is suggested for that '"'^‘ween 
group of feeds which is high both in fiber and in dj^gestible '“--Sy “ 

amples of these feeds are citrus pulp, ground snappe trains 

flaked soybean hulls, and beet pulp Brewers grains an is 
Olay also fit into this group, but they are further distinguis y 
medium in proteins (over 20 per cent) They are often chosen when bulk 

and protein are both desirable nnH 

All bulky concentrates are frequently used in mug age mi , ’ , 

bulky concentrates are sometimes called roughage e , , 

of them as roughage, however, is that the bulky concen ra „u„ 5 ,q. 

sionally are substituted for leafy roughage This can lead to 
logical complications unless special precautions are ta en, si 
factors are contained in the leaf Nevertheless, bulky concentrates 
tremely valuable feeds when employed with leafy roughage 

Supplementing Leofy Forage. Some leafy plants are very low m fiber 
and their value can be enhanced considerably ^y *“PP , , 5 p,.(.,es 

concentrates These include many of the succulent ow- P . 
which are widely utilized for grazing, greenchopping, an 
amples are clovers, alfalfa, pearlm.llet, and the green 
gram crops as wheat, rye, and oats When these forays a 
^•age, they often conlain 3 per cent or more of d-Sest.ble pro.e m on a^fiesh 
basis, and cattle have been observed to consume as muc 
'otal forage per 1000 pounds of body weight daily, 120 po 

“"High consomplion rales of forages are desirable because such feeds arc 
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economical sources of nulncnls Even ihough thc> arc very low in fiber and 
high m moisture, the dry matter that they do contain is highly digestible 
In fact, cattle will cal large amounts of succulent forage and take in more 
nutrients from this source than from hay or silage Moreover, animals 
grazing on leafy roughages often consume from this source alone protein in 
sufficient amounts for body maintenance and production of 60 pounds of 
milk daily The problem is that the forage is low in cncrgy*bearing nutri- 
ents, supplying only enough to support production at a level of about 20 
pounds daily Thus the mam problem in using most high moisture forages 
IS in getting enough TON into the cows 

Although a cow Vbith a rumen full of forage is not likely to be hungry, 
she may still need considerably more feed to meet her nutrient require- 
ments for maintenance and production Thus the tendency of cattle to cal 
large amounts of forage has its drawbacks As previously indicated, leafy 
forage IS low in dry matter which contains all of the energy-bearing nutri- 
ents When cows are limned to the usual conccniraics (which arc not 
particularly bulky), they do not consume enough dry feed and production 
drops off 

Often cows will graze so heavily that they refuse to consume the usual 
nonbulky concentrates Many herd managers have been delighted by this, 
since concentrates are ordinarily the most expensive part of the ration 
However when the cow stops eating concentrates, production drops off 
rapidly due to energy deficiency, frequently with accompanying digestive 
disturbances resulting in scouring Strangely enough, this docs not cause 
the cows to consume less of the succulent forage and their appetites for 
concentrates continue to be depressed Yet cows with free choice of high 
quality leafy roughage often also eat bark, leaves from trees, Spanish moss, 
and such fibrous weeds as they can find Succulent forage seems to cause a 
craving in cattle for very rough feeds but high consumption rates of the 
succulent feed usually goes on and productive functions continue to dimm- 
ish unless special techniques in ration formulation and/or feeding arc em- 
ployed 


Feeding of hay in addition to succulent forage, especially if it is of good 
qu^ity, provides some help by increasing dry matter intake within limits 
Although enough hay to prevent scounng will usually be eaten, it is gen- 
er^ly consumed in insufficient quantiUes to fulfill the cow’s need for energy 
Because there seems to be a craving for coarse high energy feeds the 
u ky concentrates are eaten readily by cattle fed freely on succulent for- 
sunni " bulky high fiber high energy feeds often arc the only 

rat which COWS With free access to succulent forage will 

tr,,t bulky concenlTalt! are used they cause the scounng 

to stop and sufply add.Uonal energy rueded as u,elt as e.tra protLs 
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A system which can be used to induce cows to cat concentrate feeds that 
are not bulky in addition to succulent forage is to hold them in a dry lot 
for about two hours before each milking When this is done, t ley ecome 
hungry because the rumen empties quickly Then they will consume non 
bulky concentrates Cattle sometimes become conditioned to the effects ol 
succulent forage and do consume regular concentrates m addition to the 
green leafy roughage even without being held in dry lots cannot e 

relied upon to do so before production decreases, however Even when so 
conditioned, cattle at the Florida Station have shown a marked preference 
for bulky feed as a supplement to succulent forages , r . u 

Mixtures of bulky concentrates may be employed to lighten the feed an 
make it free-flowing (Figure 10-1) The small grams such as oats, v , 



E . . „iviura usually Is bulky anough to prevent 

Figure 10-1. The conceniralo mixture y 

compaction. 

„ j u , 1 i.l„ fnr this purpose and as a supplement for suc- 

rye, and barley are valuable for h P ^P oyod as feed for 

culent forage However when > ’ 8 fibrous seeds 

catt e. they should be crimp ’ ^ Crimping oats is an ef- 

are likely to get '’'‘'““S ‘ J ^ , „,di the digestive process without 

fecuve way to insure adequate com ^ 

depleting the bulky nature - incrc.ismg the bulkincss of concen- 

Although wheat bran is as a supplement for 

trate feeds, it is rather laxsiiivc, 
succulent forage which is InxsiU'C a so 
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The h.gh mcmre forages have a repu.auon for '■"'■“S 

L'dmg IS practiced these roughages often supply more nutrients than go 
hay or silage 


Protein Supplements 

In order to properly balance most feed m.x.ures extra P™*''" ^ 
added Thus feedstuffs alone or in mixtures which supply mainly p 
are known as protein supplements Usually the ■■'S-dients chosen o 
ply extra protein are the by products of a processed feed that 
the removal of nutrients other than proteins from the feed 

The Oil Meals 1 he protein supplements derived from oil bear g 
are known as oil meals Their protein content is 
oils base been extracted They arc the highest in protein of all the 

mcms ordinarily used for feeding cattle Lmseed cottonseed peanut anu 
soybean oil meals are the most popular However sunflower 
and coconut oil meals arc employed to some extent and others sue 
citrus seed meal will be available m the future The oil meals are accessi 
also m the form of cakes or pellets for pasture feeding Thus they may serve 
as the sole supplement for dry cows which are fed silage made from corn 
sorghum oats milo or any other forage which is high enough m energy 
but low in protein This type of feeding is quite satisfactory for growing 
heifers 

Gram By products Processes of the brewing distilling and milling m 
dustnes remove the carbohydrates leaving the proteins of the original grain 
m a concentrated state Corn gluten meal is a by product of starch an 
glucose manufacture It is high m protein content but lends to compact 
so that u should be mixed with bulky concentrates Corn gluten feed is 
less concentrated than the meal since it also contains part of the bran an 
corn kernels 

Dried brcvvcrs grams and dried distillers grains are palatable bulky 
medium protein feeds which are excellent supplements to most of the low 


prqtcm concentrates 

Relative Volue of Protein Supplements It is true that the ruminant can 
use protein of any quality since the rumen microorganisms change m 
adequate protein to high quality animal protein However not all of the 
proteins which a cow consumes goes through these changes In addition 
some protein can be metabolized more easily than others by the bacteria 
and protozoa Thus there are differences in the value of proteins from 
various sources and some of them have been studied * These supplements 
arc ranked in the order of decreasing value as follows 


the concentrate MIXTURE: CONSTITUENTS 


( 1 ) corn distillers dried grams 

( 2 ) milo distillers dried grains 

(3) soybean oil meal 

(4) coconut oil meal 

(s) corn distillers dried solubles 


(6) rye distillers dried grains 

(7) brewers dried grains 

(8) corn gluten feed 

(9) linseed oil meal, old process 

(10) linseed oil meal, solvent 

Utea as a Substitute for Protein 

feel^n'ihe™ “Tbamide For animal 

formula looL somewha Tke 

hydrolyze it to ammo tMU hnkages, but the bacteria probably 

“rease supplied thr "'hk r) which is used to synthesize proteins Thus 
oouses ammonia to bf liberated Tnd ^h'T 

reducing the ammon '“’‘f "re bacteria synthesize proteins by 

sulfur a^nd /'""“"la and combining it with carbon, hydrogen, oxygen^ 
^^ifur, and possibly other substances supplied by the feed or'rume7fyn.' 

-^^^2 urease 

"■tmgen“but iTothe""”' 'be am.no 

where Th.,r u * P^""' Pr°'e‘" molecule must come from else- 

bacter.nlth'' """ carbohydrates are supplied together, rumen 

protein which ‘subse™ P°=rnbly other rumen products mto bacterial 
course snm k bscquently is used by protozoa and then by the cow Of 

bo used by proiotr ‘bey can 

gen nitrogen Protein averages about 16 per cent mtro- 

oqu.valent m '’“rogen which is represented by N, to a protein 

b 25 = nrotc 4 "fuwalent (= 6 25) Hence, N x 

said to be en I “ -*6 pound of nitrogen, thus ,t is 

u to be equivalent to 0 46 x 6 25 = 2 9 pounds of protein 

carrier whmh'm’ k ™‘b an inert 

2 62 poundfof „ ? “ ‘“’“‘''“‘='1' 2 62 pounds of protein However, m 

oancLe fmm ^ ° P““”* =‘"‘‘ "Oghgible hydrogen 

bom Zer se 2 62 - 0 42 - 2 20 pounds which must come 

Now th which will consist mainly of carbohydrate feeds 

tacked eis!l:?k'^“°" f "““'b carbohydrate feed to add This is at- 
whether ^ '"'f't'oot method which also helps answer the question of 
rea is economical How much of a popular protein supplement 
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can a pound of urea wuh appropriate carbohydrates replace’ Consider a 
41 per cent protein feed Thus since 2 62/0 41 *= 64poundsof41 percent 
protein feed, thcinterse is also true and 6 14 pounds of 41 per cent protein 
feed supplies 2 62 pounds of protein As mentioned above, this is the pro- 
tein equivalent of one pound of urea Hence if the urea-carbohydrate mix- 
ture IS to be the equivalent of a 41 per cent protein supplement, we simply 
add for each pound of urea 64— 10 or 54 pounds of a carbohydrate 
The answer to the monetary question follows easily If 5 4 pounds of a 
carbohydrate feed and 1 pound of urea cost less than 6 4 pounds of a 41 per 
cent supplement, urea should be used, but not if the reverse is true 

Generally speaking, urea is not employed in amounts higher than 3 per 
cent of the total concentrate feed, though experimentally it has been 
used at much higher levels Apparently sulfur supplementation raises the 
poiennal level for urea feeding Hov^ever, the hydroxy-analog of the sulfur- 
containing amino acid methionine appeared not to stimulate the growth of 
>oung animals eating concentrates which included urea at the recom- 
mended level or at high levels in recent Florida tests Perhaps other supple- 
ments will promote the utilization of urea so that future feeding levels of 
urea can be raised 


Mineral Matter 

The inorganic pan of the feed, though supplying no energy, is no less 

rTn f"*' At least 13 minerals are 

required by cattle 

etemems often called common minerals are 
sulfur are LaT m amounts Two of these, potassium and 

not often ^ ^ ® most rations Magnesium is 

been rcDoned specific instances of magnesium deficiency have 

are deficient succulcm pastures Frequently dairy rations 

Sodlrand PWhorous. and cakium 

The sodium brln “*“3lly arc supplied m the form of sodium chloride 

abomLum and r. T “ ^ ^ hydroeWone acid in the 

blood ' norma constituent of most glandular secretions and of 

to morr than 'lt"sh prodLmg ” 0 " “I"'™™ 

be depleted danng UctaTot W “ 

Ito'.eier, and apparently the ramd^l'’' ‘'“""5 ‘''T P"'""*' 

harmful ^ ^ turnover of body stores of calcium is not 

Under good conditions cov»'s w.ii w. 

per 100 pounds of body »,cieht a ^ gfa™ of phosphorous 

Sramperpo™d<,(m,lk.,eueLiS pn“ 1” a<id‘»on. 07 

55 red Phosphorous deficiency results in dc- 



,3, COHC.NT.AT. .NO »AT.ON POOMU.AT.ON 

:'f rron f°t — ch u bnngs 

re^:rs oTrp”rrc«^^ *e d.s.ed e^ea, and 

high levels can be harmful 


Vitomins ^ 

All B complex vitamins and Vitamin K arc formed m t c 
adequate amounts, and Vttam.n C ts S)nthest2ed tn the „^es 

Hence her requirements for vitamins arc limited to Vitarnin A 
horn earotene tn green leafy feed, Vttamtn D whtch ts 
and forages exposed to sunitght, and posstbly Vttamtn E wht P 
m the green portton of most feeds Vttamtn deficenctes seldom cans 
problems in cattle 


THE FEEDING STANDARD 

A table for each class of livestock which shows what is believed to 
nutrient requirements for maintenance and production is known as a 

mg standard Various standards have been emplo>ed m feeding t'C 

for over aO years omic 

Feeding standards generally have been an attempt to list the econ 
requirements rather than biological requirements This simply means ^ 
safely factors arc added to cover such efforts as walking to and from 
lure grazing, and metabolic changes which help the animals adapt * e ^ 
selves to alterations in weather planes of nutrition and speed of pro uc 
processes How much of a particular feed is practical and how the 
ments change as size or production vanes are questions which have 
controversial, so much so that the resulting confusion has obscured the r 
purpose of the feeding standard It simply is meant to be a guide that wi 
give the practical manager a starting place in planning a ration By the u^^ 
of any good feeding standard a ration can be calculated for a typical 
m the herd This feed cannot perfectly meet requirements and thus t 
modem herd manager after close observation and careful records will o le 
make changes 

Of the feeding standards now available the one which appears to app 
best to modem American conditions was formulated from all available 
by a special committee on animal nutntton for the National Academ> 
Science National Research Council It is shown in Appendix D 
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m.x.ng feeds on the farm 

Use of the Feeding standard „„nt olane of nutrition, produc- 

It should be remembered -“c".;omic nutrient requirements, 

tion. and various other factors affect j Z 

They are not fixed. Neither is j,tly different from the o ’ 

Each crop of a given gram ,he list which accompanies 

could diverge considerably from the figu 

most of the feeding standards. calculated for the vU^^ 

The nutrient requirements animal requirements 

mins and minerals to the ,, 5 ^ 31 . however, to ^“PplV '^e 

contents are '‘"“«"^^!“"'Let, this often (fotardigestible 

Thr:u“i co>co.a^^^ 

nutrients) andDCP ^ D were used to show the fi s 

The requirements as shown ■" ^able 10-1. When the require^ 
step in calculating ^ ^annw of nutrients supplied by t e rou 

ments are determined, the 

M .;..Ami»ntS in 


h is fed, the amount is 

are calculated. When greenchop. ^stoge.^or 

weighed. Then from Appends estimate based upon J 

calculated. In the case of “ if the pasture is obundam^ond 

appraisal of forage ‘1““''.'’' “ consume forage dry ; ^^ched 

cattle have free access to It, they 'vm high level is 

to from 1.0 to 3 per cent of f„cages. Concentrates are 

only in the case of very >0 g balance. 

lecled and evaluated from APP'"'*'’' “ ^,cd in Table 10-2. In 

lions meeting the requiremenis are «hib. ['X 

it vsas necessary .0 supply “■"'"^“‘■^bcmenis are by no means exact. 

ments. This is practical because the requ 

mixing feeds on byiheamounl 

Whether to mix feeds on .he grinding and 

of feed which Ihc dairyman can p cost to 

cijcs can be accomplished b> * 
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Table 10-2 Some Combmolioni of Feed m Pound* Which Supply the Reqw 

menli Shown m Tohle 10*1 — 




TON 


Rotion A 
AUoKo hoy 
Corn 

Citrus pulp 


20 

10 

10 


2.18 

.67 

.52 

3.4 


10.14 

8.01 

7.82 

26.0 


Ration B 

Alfalfa tiioge (not wilted) 
Timothy hoy 
Com ond cob meol 
Cottonseed meat (tolvent) 
Oats 

Citrus pulp 


40 

14 

10 

2 

3 

4 


1.04 

.42 

.54 

.69 

.28 

.21 

3.2 


5.40 

6.87 

7.32 

1.32 
2.10 
3.12 

26.1 


thanvsouldbe accounted for by his labor and the interest on hts in>cs 
ment m equipment 

Where grams arc raised in significant quantities (and modern machincr> 
often makes this feasible), homc*mixing saves freight to and from the im 
as well as the manufacturer’s profit Relatively inexpensive machinery 
docs an effective job In addition, feeding gram crops on the farm vvhcrc 
they are raised simplifies marketing of the gram 

The concentrate mixture should vary somewhat as different types of fre* 
forage become available The same ingredients should be used throughout 
if possible, however, and whenever possible, changes should be gradual 
Therefore, at the beginning of the season it is desirable to estimate ac 
curatcly the amounts of various home-grown feeds which will be availab e 
Tor example, one may have twice as much corn as oats Reference to Ap- 
pendix D shows that corn usually contains about 8 7 per cent protein an 
80 1 per cent TDN Oats average 12 per cent protein and 70 1 TDN 
TDN IS normal for the gram mixture, and protein content will * 
(2x87+ l2)/3 = approximately 10 per cent, (9 8 is rounded off be 
cause these are average figures which arc approximate for any given fee ) 
If the feeding operation is extensive, the home mixture should be sent to a 
laboratory for analysis 

If lush alfalfa or clover (and perhaps other palatable legumes) constitute 
the mam part of the forage, the home mixture itself probably would be 
adequate 
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When grass pasture or most silage or hays are the main forage, the pro- 
tein content should be increased Just how much can be determined only 
by the performance of each herd The usual recommendation of 16 per cent 
protein ration probably holds when good quality grass also is fed If the 
forage is poor in quality, perhaps as much as 20 per cent of protein will be 
necessary This is a controversial question which cannot be resolved until 
the digestible protein and TDN (or other means of expressing the energy 
content) which can be consumed daily by typical cattle from forages have 
been determined accurately 

Suppose, however, one decided upon a 17 per cent mixture Obviously 
a high protein supplement must be added to the home mixture This 
should be chosen primarily on its cost per unit of digestible protein (again 
using a standard reference) and from its rank as shown on page 133 

For example, the best protein may be cottonseed meal which contains 41 
percent of protein The 17 per cent mixture is calculated as follows draw 
a square as shown in Figure 10-2 and place 17 (the per cent of protein de- 
sired in the mixture) in the middle At the upper left corner place t e 
per cent protein of the supplementary source (41 in the example), at the 
lower left corner place the per cent of protein in the home mixture (10 per 
cent for the example of the corn and oats combination) • Now subtract 
diagonally ignoring the sign 41 - 17 = 24 Write 24 in the corner 
just diagonally opposite to 41 Then 10 - 17 - 7, which goes in the cor- 

ner diagonally opposite to 10 Now add the 7 4- 24 = 31 Then 7/31 ol 

the mixture will be cottonseed meal and 24/31 will be the home mixture 
Suppose It IS desirable to mix a ton of feed at one time 
Then 16/31 x 2000 = 1032 lbs of corn, 

+ 8/31 X 2000 = 516 lbs of oats, 

+ lf2>\ X 2000 = 452 lbs of cottonseed meal 



Figure 10-2 


com and oats combination is in a ratio of 2 1 




CO«C.HT.*TE *H= .MiOH ,0.«U.*.IOH 

Lsm, only da, a Iron. Iccd.nj suml.rds "'“"j “aut 

may no, he prac.cal for example loo much ‘ or 

diarrhea Olhcr Icedi may be dilhcull lo .me or n y 
unpalatable Table 10 3 slto^ss sui,^«tcd locU for iomc of 
mon ingredients 

Toble 10-3 Suggeited levels of Feeditwffi m Pounds to Use m o O 


M xture 
F»«jsiui! 

Barley 
Beet pulp 
Brewers grs n 
Citrus pulp 
Coconut oil treat 
Com 

Cottonseed meal 
Com distillers groins 
Corn d stillers solubles 
Com gluten feed 
Com and eeb meol 
Flaked soybean hulls 
Ground snapped corn 
Hominy feed 
Linseed oil meal 
t/olasses 
Wheat 
Wheot bran 

Common or iodized salt 
Troce minerolized salt 
Steomed bone meol 
Dicolc um phosphote 
Ground I mestone 


M n **“» 


0 700 

0 600 

0 600 

0 600 

0 600 

0 700 

0 BOO 

0 600 

0 300 

0 500 

0 700 

0 600 

0 800 

0 700 

0 800 

0 600 

0 600 

0 600 

0 20 

0 20 

0 20 

0 15 

20 20 


Sw33*sied 

200 

200 

300 

300 

400 

400 

300 

200 

300 

400 

200 

400 

300 

400 

200 

400 

400 

20 

20 

20 

15 

20 


SPECIAL NUTRITIONAL CONSIDERATIONS 

When minerals are deficient should one fortify the feed or add 
minerals to the fertilizer for the land on v.hich the feed sviH be raise 
Either would be satisfactory but at least in the case of copper dcficienc)^ 
Florida experiments indicated that feed fortification was most feasible 
If cows that have been given this supplement arc pastured the resu 
should be not only immediate relief of the deficiency in the cow s but also a 
long range buildup of mineral reserves m the land This is true because m 
the case of fortified feed some of the mineral matter is sure to pass throug 
the digestive tract unchanged In fact research in progress at the Florida 
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Station indicates that this has happened m the case of iron- and copper- 
deficient pastures that had been grazed heavily for several years 
Although the minimum requirements of animals for most nutrients is 
known, these requirements should be used only as a guide, since require- 
ments vary with conditions For example, calcium-deficiency s>mptoms 
have been observed in cattle which had free access to a goo qua il> o 
steamed bone meal The trouble occurred because the> were eating large 
quantities of sugar beet leaves which contained oxalic act te ox* 

acid precipitated the calcium thus keeping it from being a sor e m a e- 
quate amounts , 

Some peat soils are particularly high m molybdenum, an element u ii^ 
interferes with copper metabolism The recommendations for “PP"^ 
by American Feed Control officials is 0 3 per cent of the mineral s^ 
ment On the mucklands of Florida and other areas such as those amun 
Lake Michigan, however, it is necessary to include as much as 1 -a per 

"lt'see'Z''pLible that tin above the usual levels 

requirement for copper, though more work on t us ' udicient soil 
Recommended mineral supplements vary with the t>pe of dclic.cnt 

as follows 

,1. „u c— 

. . in<! been linen to large increases in 

In recent years constderable pubhcityta^^^^^^^^^ 

milk production that have occu d D 

ate offering ‘^"“‘derab 

IS not unusual no Whether the cows respond to extra 

pounds of .,,e ab.bty of lb, cow and the goolily of 

concentrates or not depends upon 

both the roughage and app..rently must be limned in order to 

permanent-type P^stur 8 ,p support maximum production in 

make room for enough concern * « 

very good cows „a./ur« such as cloier, alfalfa, millil, and Ihe like, can 

ft ‘ ‘l lea" 50 per «"< ”>«r‘ •‘O *“> silage or pennaneni 

often supply al ‘ j .s about as digestible as is dial of 

p^lure grasses ;,,„c roughages arc used as suggeslcd on 

p'ase“rso that their high moisture comcnl is not de.rimemal, the feeding 
Lndards arc about righl for good cows Of course, all dairy cows should 
be fed liberally enough to dclcrminc ihcir maximum capability lo produce 
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u appca. ho»c.r .ha. a. Icaa. 2a per ce„. of .he TDN shoujd -- 
from roughage .n order .0 keep .he d.ges..re ajs.em fune..on.Dg p P > 

" preuoSdv .nd.ea.ed .he proper brlanee of 
m.ocrL .a esscn.ial Ihus calcium and pho.phoroui P>'>»P''°' ,j 
%ar ous trace elements anJ posstblj calcium and the trace ,3 

be m proper dietary ratios e.en though the rummant is more adaptable 
\arious mineral ratios than arc other species ^,-r.<iiics 

\noiher feature that influences feed requirements is soil charactc 
As more calcium is used m soil the pll rises and trace jlcmcn s s 
iron copper and manganese may be precipitated in insoluble or 
mg to prevent their absorption Moreover as the pH rises mo > 
may be utilized to a greater extent thus increasing the rcquircmcn 
copper Hence even when application of lime 1$ a general rccommcn 
non it should be accompanied by soil tests otherwise nutntiona 
ficienciesin the animals could be caused by following rccommcn c 
management practices However this seldom happens 

Differences m the health of individual animals can result in dil cren 
in nutrit onal requirements For example lack of Vitamin \ may cause ^ 
weakening of epithelial tissues $0 that attack from various parasites i 
more likely Nlorcovcr digestive disturbances may be intensified * 
point that absorption is difTicult and hence requirements may be hig ® 
than normal for various nutrients The cfTccis of disease stress wi 


considered at greater length in Chapter 12 
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^ 1C probably of more importance 

Constant attention to ^le one Calves are born with 

in the dairy business than in any co p quarters, as many as 

little resistance to disease if they are following their birth 

50 per cent are likely to die during t than'^milk. and no other feed 

No other product IS more easily con moreover, 

IS as important in the diet ol cniiaren, 

milk IS a valuable staple food for 

Cattle must be clean and healt V handled feeding and 

dirty lots, barns, and Furthermore, many diseases are 

breeding programs can spread a method for barn sanitation is 

transmissible from cattle „ d,sease, pest control (largely 

shown m Figure 11-2 careful consideration Personnel 

a matter of sanitation) should s carriers 

who work with cattle niust personnel are undesirable because new 

In fact, even frequent ‘ ^^.h immunity has not been established 

people may bring organisms i 
m the herd 


The subject of sanitation is 
and disinfection deserve specia men 

principles of sanitation 

1 f QAnitation IS cUanImess, and this applied to all bmld- 
The Brst principle m involved directly with the production 

xngs, equipment, animals, an , organisms or the prevention of their 

of milk The only if careful cleaning is practiced Disin- 

growth can be accomp surfaces kill few microorganisms, since 

fectants which contact organic matter and thus escape contact 

many of them are im e , disinfectants was demonstrated in 

The value ^ 

two tests describe ^ concrete wall on which the bacterial count was 

The first test square Spraying with a good disinfectant rc- 

28 million per 1 1 million, which was still an immense contamina- 

duced the population to 


) critical that the fundamentals of cleaning 
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t,on However, washing with a good alkaline detergent removed 99 8 per 
cent of the bacteria Moreover, after the wall was visibly clean^, application 
of the disinfectant reduced the population to less than 100 per I me 

''in another test, two milking machines were cleaned and sanitized thor- 
oughly before but not during the test week Each ay one was tmse 
an acceptable sanitizer and the other with an effective sanitizer u nei 
was washed During the first four days there were ew 
machine, however, as milk soil began to build up and offer the bacteria 
protection from the sanitizers, a steady increase m bacteria popu a ion 
noticeable Although the population built up more rapidly '^^th the merely 
acceptable sanitizer, the effective sanitizer also failed to eep ^ ^ Itmir 
count within tolerable limits, thus showing that disinfection o i g 

,w .r ..... 

bmg or other means of obtaining visible cleanliness an y PP 

tion of disinfectants 


THE CHEMISTRY OF CLEANING 

In order to make the best use of avatlable mater.als manager will 
need to consider the functions of the cleaning materia s, e i 
functions will be defined briefly 

^definitions 

Emulsification Emulsification as it occurs m cleaning is _ 

process whereby fats are broken up into small partic es makes 

formly into water by the aid of an emulsifying agent mu s 
•he cleaning of surfaces covered with fatty residues quite easy ,|i,a|,es 

Saponification This is a chemical reaction between 
which results in soaps Since greasy materials become wa e 
can be removed after saponification , u 

Wetting Wetting is the action whereby water spreads 
surfaces of soil or equipment Common wetting agents a P 
detergents 

Peneltotion This is the action by which cleaning 
•nalcrials Wetting agents cause penetration to occur, in f , P 

•ion may be considered a special application of wetting h.* hroken 

Dispersion of Defiocculo.ion Aggregates of 
up into individual particles by dispersing agents, then they 

off the surface to be cleaned , li. m 

Suspension Suspension is the action of holding insoluble particles in 
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the liquid media although they are not dissoKed In this state they do not 
form deposits and are readily rinsed away .j 

Peptismg Pcptising is similar to suspension, but it involves very 
particles of materials which may be partially soluble The protein sot 
so affected and thus peptismg is a very important part of cleaning 
Chelating Chelation is the complexmg of materials in a way w 
activates them Thus chelating agents used in cleaning 
materials which cause water hardness Moreover since the c e a e 
soluble, they do not result m insoluble precipitates 


Cleaning MaleriaU 

The materials used for most cleaning operations may be classified as 
follows 

(1) Alkalies The alkalies are very useful in removing fats They con 
sist mainly of lye, sodium carbonate, sodium mctasihcate, and so lum 
bicarbonate 

(2) PhospkaUs Tnsodium phosphate is an excellent cleaner for mos 
organic residues, and is an ingredient m many dairy cleaners It soften 
water by precipitation and thus if used in dairy operations it is well for ^ 
chelating agent to be included also Mono and dtsodium phosphates arc use- 
ful also, but are not as alkaline as is trisodmm phosphate Sodium tnpoly 
phosphate a moderately alkaline material which chelates the hardness out 
of water It makes other cleaning ingredients more effective and is a goo 
cleaner in its own right Sodium pyrophosphate also is a moderately alkaline 
material which is an effective water conditioner and cleaner 

Wetting Agents. Soaps are among the most common wetting agents 
They arc formed by the reaction of fals wilh alkalies The end of the 
molecule at which the reaction occurs becomes polar (particularly attrac 
live to and by water) The other end remains chemically similar to the fa^ 
from which it was derived and is decidedly nonpolar This opposite chem- 
ical tendency of different molecular parts is characteristic of all wetting 
agents Soaps are not suitable for use m hard water because they are 
precipitated as insoluble salts of iron, magnesium or calcium These salts 
have no detergent action and such precipitates may be difficult to remove 
from the equipment 

Vanous wetting agents which are not affected by hard water have be- 
come available They are called synthetic detergents, welters, or surface- 
There arc three general types of these materials 

(1) The antonu uelling agents take on a negative charge when ionized 
They are the most common of the wetting agents, and many of them are the 
mam ingredient in popular household cleaners Although essentially 
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neutral in reaction, they can be adjusted for use in either acid or basic 
media Chemically, anionic wetting agents are largely sulfonated alco- 
hols and alkyl sulfonates and sulfates However, thousands of chemical 
combinations are possible, and numerous anionic wetting agents are in use, 
one of the most common being sodium laurel sulfate which bears the trade 
name of Dreft 

(2) A large number of useful nomontc wetting agents are available Since 
they do not ionize, they may be employed with either anionic or cationic 
materials However, they are compatible with most other cleaning and 
disinfecting materials The nonionic wetting agents are known chemically 
as ethers, esters, or alcohols A typical nonionic agent is glycerol mono- 
stearate 

(3) The cationic agents possess a positive charge, and are capable of 
reversing the action of soaps Most of the cationic agents are ammonium 
salts In general they should not be employed with anionic materials be- 
cause insoluble precipitates are likely to form On the other hand, the 
effectiveness of the quaternary ammonium compounds (which are cationic 
welters), can be increased by using them in conjunction with nonionic 
wetting agents ’ 

Wetting agents follow definite principles of molecular physics within a 
solution, the molecules of water are attracted to one another, and they 
move freely in the interior of the container which holds the solution How- 
ever, when the solution is applied to a surface m the open air, we find that 
since air does not attract water molecules they are attracted only from the 
bottoms of the molecules and laterally Thus a hardening occurs at the 
interface In the case of the air-water interface this accounts for surface 
tension The role of wetting agents ir to reduce surface tension and allow the 
liquid to move over the surface 

Interfacial tension occurs also at any point a liquid contacts other 
liquids, solids, or gases A good example of high interfacial tension is ram 
drops which stand up on a well waxed surface of an automobile, for there is 
little attraction between water and wax Wetting agents are quite useful, 
since they are adsorbed on the surface where they reduce tension and cause 
sanitizers to spread rapidly 

Acids. The two general types of cleaning acids are organic and inor- 
ganic Organic acids and their salts help stabilize water minerals, keeping 
them from forming films or deposits They often are included with wetting 
agents and alkaline cleaners Organic acids used frequently are acetic, 
hydroxyacetic, lactic, gluconic, citric, tartaric, or levulinic 

Common inorganic acids are phosphoric, nitric, sulfamic, hydrochloric, 
and sulfuric These materials are used for removing residues such as scale, 
lime, waterstone, and milkstone 



148 


SANIIAIIOM 


WATEB REQUIREMENTS 

/!« abmdnnct of chan wotir is esscnlial to herd health and adequate samia 
non Hence the water supply must be reliable In addition, it must at 
the following qualities , 

(1) It must be free from organisms which cause disease or spoilag 

the products . 

(2) It must be clear and colorless Suspended particles would maK 
cleaning, cooling, processing or use in boilers diflicult and prevent a c 
quate consumption by the cattle 

(3) It must be free from odors caused by dissolved organic gases or 
other undesirable materials 

(4) It must be soft, especially for use in boilers and cleaning operations 

(5) Iron and magnesium oxides must not be available in quantities 
which cause staining 

If necessary, the water supply can be treated to achieve the above re 
suits In fact some treatment usually is necessary This may vary from 
simply adding a mild bacterial inhibitor to extensive filtration and chem 
ical treatment Much of the water used m dairy operations must be 
treated chemically to remove iron, calcium, and magnesium salts which 
cause scale or sulfur compounds which impart undesirable odors 

Although drinking cups and troughs are necessary for sound husbandry, 
they can contaminate the water supply if they have submerged valves This 
is because vacuum is created and water flows from high to low parts of the 
system when the water system is used extensively at different planes at the 
same time The problem tt a simple matter of siphoning Hence, all 
joT any conlainers which could be a source of contamination must be aboie the highest 
level the water can reach so that contaminated water cannot re enter the valve and be 
siphoned to a lower part of ike water system 

Hot Water 

Probably nothing is more important to dairy sanitation than is a syslei^ 
for heating water It is essential for washing udders, bulk tanks, pipelines, 
milking machines, utensils as well as for calf feeding veterinary services, 
and general use 

The proper temperature for the hot water is 160*F If the heater is too 
small, dilution with cold water may bring the temperature considerably be 
low a satisfactory level when it is most needed The amount of hot water 
employed will vary of course with different systems and personnel 

or purpose of planning however, it appears that a satisfactory daily 
supply would include the following for each calf, 1 quart, for each udder, 
gallon bulk tank 3 to 4 gallons per 100 gallons capacity, pipelines, 8 to 
lU gallons per 100 feet if washing with pressure, and about 5 gallons if a 
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vacuum system is employed Few operations can maintain proper sanitary 
conditions with water heaters of smaller than 100 gallons capacity 

Frequently a large part of the water heating can be done electrically 
during the part of the day when usual demands for electrical service are 
low Low rate off-peak circuits for jobs which can be done late at night 
are available in many areas 


DISINFECTION 

Common Disinfectants 

Disinfectants employed m dairy operations are as follows 

(1) For general disinfection the virus organisms are controlled best by 
strict cleanliness Plenty of hot water, water softeners (where needed), 
wetting agents, and good brushes are required 

(2) One of the best cleaning and bacterial disinfecting agents is lye, 
since It kills and cleans at the same time In fact, m a 2 per cent solu- 
tion lye IS effective against most disease-causing bacteria Caution is re- 
quxred in using lye because it is very irritating to the skin and quite corrosive to 
most metals However, it does no harm to wood and concrete surfaces and 
has a beneficial effect on rubber 

(3) Thecresylic compounds are effective against all but the spore-form- 
ing organisms Although these materials arc good on large surfaces, they 
are seldom employed for utensils because their action is too slow More- 
over, they are likely to impart undesirable odors to the materials cleaned 
and consequently to the milk Since the cresylic disinfectors per se are 
only slightly soluble in water, these materials must be emulsified in a mix- 
ture of alkali and soap (or other weturvg agent) In the form of an emul- 
sion, a cresylic material is quite stable and mixes readily with water 

(4) One of the most useful classes of disinfectants is provided by hypo- 
chlorites Their fast action makes them practical for utensils These ma- 
terials are very effective m concentrations of 200 ppm A gallon jug of 
hypochlorite laundry bleach can be diluted to 250 gallons of 200 ppm so- 
lution, the hypochlorites are inexpensive 

Sodium hypochlorite is sold m liquid form m concentrations of 3 to 5 per 
cent The sodium salt is less likely to leave mineral deposits from milk or 
water (milkstone and waterstone) than the calcium salt The latter is 
more convenient, however, since it is available as a powder containing 15 to 
70 per cent of the disinfectant 

Although the hypochlorites arc employed frequently to disiniect the 
udders of cows, they can be irritating to the hands of the workers and to 
the udders In addition, hypochlorites cause cloths used m the cow- 
cleanmg operation to deteriorate quite fast Moreover, care must be taken 
to keep the solution clean, since organic matter causes the hypochlorites to 
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du,n.cgralc rap.dly 1. should be noted that the hypochlomes are sbgh.l) 

corrosive lo tin surfaces ^/.,arrn«ive and 

(5) The quaternary ammonia compounds are not only no 
nomrmattng but also they are affected much less by organic ma 
are the hypochlorites Houeter, they are slovser to action rh«c mat 
rials, as the name implies, ate densed from ammonia ^ j,. 

nary because the ammonia is substituted in four places y 
tached to the nitrogen nucleus Concentrations of 200 ppm arc 

udders and utensils The quaternaries appear very promising as 

Cldcs, especially lho»c having 12- and 16-carbon alkyd chains " j. 
cases the quaternaries have been employed in connection with no 
wetting agents as clcancr-sanitizcrs 

(6) The lodophores depend on free iodine to kill the organisms, I cy 

quite effective and neither corrosive nor irritating The lodophorcs arc cm^ 
ployed frequently on cattle and utensils but only to a limited extent 
large surfaces 


Effect of pH 

The acidity or alkalinity of the material to be disinfected deicnnincs to 
some extent what sanitizer to choose For example, hypochlorites arc me 
fcctive m alkaline solutions Quaternaries usually work better m alka me 
than in acid solutions , 

A senes of tests* v.uh a quaternary ammonium disinfectant in aci . 
neutral, and alkaline solutions showed the following effect on Microcoecus 
pyogenes \ZT aureus The kill was 53 6 96 2 and lOO per cent in solutions 
of pH 5, 7, and 9, respectively Thus a complete kill was achieved at pH 
However, if the length of lime of application or the concentration of the 
disinfectant had been increased materially in the other solutions, a com 
plcte kill could have been expected for them as well 

The Hardness of Water 

Since mineral matter in the solution may interfere with the efficiency of 
the disinfecting action, the use of lye for rubber parts always is recom- 
mended In fact, storage of teal cup liners in lye solutions has been ad- 
vocated recently However, this is a good procedure only if metallic salts 
are not precipitated from the water by the lye 

The cresol solutions are less effective in hard than in soft water, be 
cause calcium, magnesium, and iron interfere with quaternary ammonium 
disinfectants 


Effect of Temperature 

Any solution is somewhat more effective as a disinfectant when warm 
because interfacial tension is likely to be lower Thus cold solutions 
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should be stronger than warm ones, although lye is almost as effective at 
low as at high temperatures 

Shape of Structure 

The disinfectant must touch the microorganism to be efficacious How 
well this is accomplished is determined in part by the shape of the surface 
being cleaned Some organisms tend to lodge themselves in structures in 
which minerals from milk form hardened deposits (milkstone) as shown in 
Figure 11-3 Surfaces that are round (Figure 1 1-4) are easier to clean than 
square corners (Figure 11-5) 



Figure 11-3 A good place to look for milkstone 
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Figure 11-5 Square comer» cause serious sanita- 
tion problems because they are almost impossible 
to keep clean 
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is laborious^ and inaccessible areas may be cleaned improperly unless 
special care is exercised. Excellent results have been obtained with a 
steam-jenny type of vapor-spray unit in cleaning and disinfecting opera- 
tions. These machines deliver water at over 100 pounds of pressure. The 
water delivered to the area to be cleaned is about 2I2"F. The detergent 
and disinfectant are applied at the same time. 

(3) Use the disinfectant in proper concentration: warm, or hot, if pos- 
sible. 

(4) Apply disinfectants liberally and thoroughly with a spray pump or a 
brush, depending upon the size of the area. 

(5) Allow plenty of time for the disinfectant to act. All residues of the 
disinfectants should be removed by thorough rinsing before animals are 
admitted. The following arc cheap and elTectivc disinfectants for farm 
cleaning: (a) solution of Crcsol USP, a pint to 2J4 to 5 gallons of hot water; 

(b) lye, one l3-ouncc can to 15 gallons of water, or 1 pound to 20 gallons; 

(c) anionic detergents (Drcft, Swcrl, Tide, etc.) 1 pound to 40 gallons of 
boiling water. 
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E\ER^ year is the EMTLD STSTES ALOCT 1 5 MILLIOS CATTLE ARE LOST 
because of disease In fact, it is estimated that livestock diseases cost 
lean farmers i%so billion dollars annually Most of these losses could asc 
been asoided b> applying the principles already presented in this volume 
Proper feeding, sanitation, milking procedures, and a daily inspection to- 
gether with adequate veterinary services are fundamental to profitable dairy 
production 

Although disease prevention is the pnmary consideration control an 
therapy come to the forefront once disease has been contracted For th«e 
latter measures the services of a practicing veicnnarv are mdispensible 
Nevertheless, some useful vetennary assistance can be acquired from other 
sources Many suggestions can be obtained from vcicnnarians in State 
Agnculiural Extension Services, bulletins prepared by dairy companies, 
textbooks, and the Yearbooks of Agriculture for 1942 and 1936 

In the present chapter, after a bncf discussion of general health measures, 
v»ev*ill consider the principles involved in the prevention of disease Then 
we will proceed to a study of the major diseases affecting dairy cattle before 
taking up the related subjects of bloat and poisoning 

GENERAL HEALTH MEASURES 


Stress 

The information in Chapter 1 and other discussions of stress should be 
kept in mmd during the study of the prevention and treatment of animal 
infirmities Good marugemem practices for elimination of the deleterious 
effects of stress include the provision of proper feeds, the prevention of 
injury, and the keeping of afflicted animals comfortable Sirue the ammal de 
trends on its manager Jot leaintj, tjectal attention ihould be gizen to suk animals 
Dairy cattle arc sensitive to the attitudes and practices of those who work 
with them kise of a blanket, special grooming and frequent visits make a 
great deal of difference In cold climates a hospital bam (or area v»hich is 
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enclosed and can be heated) is necessary to prevent stress factors from com- 
phcating sickness 

Feeding 

The Role of Appetite. The appetite of sick cows should be teased by 
supplying especially palatable feeds but not in amounts that ever satisfy 
the appetite All cows should be kept slightly hungry When a cow leaves gram 
or eat^s without apparent relish, her feed should be cut back until she licks 
the manger Often, serious illness can be averted by observing and catering 

to the cow’s appetite , ry. 

Medicated Feeds. These are available for all classes of livestock The 
medicated feeds contain such additives as antibiotics chemical antimicro- 
bial substances, anthelmintics, and tranquilizers They can be helpfu 
used in connection with, hut not as a replacement Jo,, careful management and veter- 
inary services 
Cleanliness 

An established infection can be aggravated by filthy conditions at a time 
when the datry cow is already in a weakened state Therefore careful atten- 
tion must be given to the sanitation of ‘he stall and to other measures of 
cleanliness during periods of incapacity, and should be performed with the 
minimum of activity in order to avoid unnecessary stress 


Inability to Rise , , , u 

Occasionally a cow will be found lying down and unable to get up be- 
cause of (1) injuries from a fight or fall, (2) paralysis from injury during 
the birth of her calf-this happens when the calf is very large or abnormally 
positioned so that birth causes a broken pel™ and/or a nerve injury {3 
Intoxication due to fermented or toxic feeds. (4) the after effects of difficult 
calving that has sapped the adaptive energy. (5 weakness stemming from 
heavy production, nutritional deficiencies, or old age, and (6) tumors or 

other diseases that affect the brain or spinal column 

The hip shng can be utilized to pick up disabled cows They should be 
moved to the most comfortable location available and treated according to 
their individual needs 


Before discussing important diseases and their prevention and treatment, 
we will first consider the general principles underlying prevention of disease, 
since effective prevention is fundamental to the maintenance of health 


PREVENTION OF DISEASE 

The prevention of disease involves the following faclors environmental 
control, immunization, veterinary help, medical supplies, and disinfeclion 
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Environmental Control 

\Io.t hardware diseases and accidents can be asoidcd by merely keeping 
equipment m good repair This means prompt replacement of lighting an 
plumbing fixtures, immediate repair of broken fences, careful and reguar 
cleaning and oiling of equipment, as well as the adequate cleaning of hous 
ing facilities All %s orn out parts should be replaced w ithout delay 

Much mastitis can be presented by proper care of the milking equipment 
The chief malfunctions of the milking equipment are manifested by 
milking, uncsen milking, or irntatcd teats as we have previously indicate 
m Chapter 6 The causes of these conditions and the measures for correct- 
ing them should be know n and applied (see page 60) 

For the prevention of corrosion, the adding of sodium silicate to water 
systems is quite effective, the silicate film deposited on the metal surface 
IS not harmful to the body Painting should be done as needed to protect 
against erosion and decay These measures are desirable supplements to 
general pnnciples of cleaning and sanitation 
The junk pile on the farm should be inaccessible to cattle, and dangerous 
obstructions should be removed from their path, particularly when condi- 
tions are crowded and lighting is inadequate 
Disease can be introduced on the premises by newly purchased stock or 
by cattle returning from fairs and shows Hence all cattle brought onto the 
farm must be isolated for 30 to 60 days If cattle are kepi on adjoining 
propeny, double fences to prevent contact arc worthwhile 

Infection can be earned also by visitors by streams stray animals birds, 
flics, insects, and rodents Thus constant aiicniion is required (Figure 
12-1) Vmtors should not be allowed to walk in feed alleys, feed rooms, or 
feeding areas If possible, feed should be purchased as bulk, or in bags not 
used prev lously for livestock feeds Bedding or feeds should never be earned 
in tnicks that have hauled animals 

ImmunizQlion 

Immunity rtfers to iht ability oj an oiganiim to resttl diteaie from infectious meso- 
ngamsmi er :hnr produa, Immunizinj agcnls arc available for the counter- 
action o anthrax, blackleg malignant edema, hemorrhagic septicemia, 
ruce osis some types of mastitis, leptospirosis, red water disease, and 
tetanus Not all types of immunization arc necessary in all herds, and 
deciding which lo use is part of the vetennanan’s job Frequent tests should 
be made for mastitis tuberculosis and brucellosis, because of the serious- 
css an prevalence of these diseases among dairy cattle The proper 
immunizing agent to be employed can be determined by the v etennanan 
v-auie should be vaccinated at regular intervals as needed, with care 
cing taken that the animals arc free of disease and parasite infestation 
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pnor to vaccmatton Nevertheless, although vaccmat.on is a good tool, it 

will not replace good all-around husbandry, for some animals respond 
wiu not repi & Whether animals arc healthy, 

tdMed, Ld pTo'perly managed has a direct bearing on how well they build 

'’™‘7re;"enr;rironrrev,ew is desirable because advances are being 
made rapidly in eirectiveness of the various immunizing agents Thus 
longL-lastmL safer, more dependable vace.nes are being developed, and 
onirthe best should be used because the same time and labor are required 
as with the outdated materials 


Medical Supplies , . , > j 

The herd manager also needs help m deciding what medicines and sup- 
, . \lanv minor diseases and most immuniZs-itions can 

^b ;\nd';:d'’bra compe‘ten. herdsman who has adequate medical advice 
Generally the dairy veterinary cabinet will eonliin the following clinical 
thermometer, drenching bottle, m.lk-fever injection set. trocar and cannula, 
hypodermic syringe, mineral oil, epsom salts iodine carbola.ed v.isehne, 
and calcium gluconate w ith added soluble carbohydrates 

A rcfriecrator wiU protect most immunizim; agents and man> drugs from 
rapid dcicnoranon Facilities for cleaning and sanitizing equipment must 
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be nearby and space must be available for spcctal drugs that may be re 
quired by the veterinarian 


Sanitation and Disinfection 

Sanitation and disinfection have already been discussed at length m 
Chapter 11 However so important are these factors m maintaining health 
that their particular relevance to the prevention of disease will be given 
special attention here 

Certainly sanitation and disinfection arc essential in all eases and the 
freeing of the environment of causative agents is a fundamental measure in 
all disease control Since cleanliness and sunlight arc material enemies of 
disease buildings must be kept dry light well ventilated and clean 
and lots should be drained and kept clean In addition racks and bunkers 
arc necessary since feed on the ground is likely to result m inadequate 
sanitation 

Flies and insects should be prevented from breeding wherever possible 
by keeping manure deposits of decaying vegetable matter and stagnant 
water at a minimum For those which do hatch control with insecticides 
bails and traps usually is effective 

Droppings on pastures should be scattered after each rotation 
holes swamps and stagnant pools should be eliminated since they 
harbor and help spread many diseases 
Care in dealing with infected animals and in cleaning quarters or dispos 
ing of dead animals cannot be overemphasized In addition to economic 
factors human health is involved over 80 diseases (some of which are 
deadly) are known to be transmuted from livestock to man 

isinfection must be practiced on all pens lots and barns The proce 
durcs recommended on pages 154 155 will tend to increase the cfTectiveness 
of disinfection 

In addition the following are recommended for preparing the skin for 
injection and for treating skin wounds 

(1 ) A 2 per cent solution of Compound Solution Cresol USP (5 teaspoon 
u s to a quart of water) is an ideal cleansing and antiseptic agent for 
area in which injection is to be made 
incture o iodine is the standard antiseptic for skin treatment of 
superne al wounds 


Thorough and regular inspection of each animal in the herd is the man 

sresponsi i ity Most epidemics arc thus prevented and minor health 

problems are not allowed to grow 
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MASTITIS 

No discussion of dairy cattle health would be complete without special 
mention of mastitis This udder malfunction costs American dairymen a 
quarter of a billion dollars annually Yet it is not necessarily a complex 
Isease The Greek word “mastos” refers to the mammary gland the 
medical suffix “itis” means inflammation Thus inflammation of the u 
from any cause is denoted mastitis (Figure 12-2) 

Moreover, mastitis may be caused by any type of bacteria or other micro- 
organisms capable of irritating injured tissues In fact, m 
disease follows injury to the udder tissues, the majority of ^h'ch occur 
during milking Some udders are espeeially vulnerable to mastitis (Figur 

’^pllhaps the strip cup provides the easiest way to check for 
tis (Figure 12-4) The strip cup may be partially covered black wire 
mesh (100 squares per inch) and/or a glazed black metal surface As soon 
as the milk is let down a stream is directed onto the cxaminauon sur a 
The presence of flakes, clots, or off-colored milk is indicative of masutis 
Moreover, the first stream of milk from each teat is Concur- 

bacterial content and milk is complete The 

rently, the milker can determine whe „ (,„hich accompanies 

stimulation of the to full let-down 

utilization of the strip cup) iniury because scar tissues replace se- 

Mastitis can result - P;"‘,'rt7cterand treated in an early stage, 
cretory tissues Even when mas permanent 

the loss of milk a considerable value 

damage of milking tissues amou 


Prevention oerfectly safe when used properly because the 

The milking machine f tissues However, its vacuum is quite 

milk acts as a ‘"bricant betwe y;,, mmtitir Thus if the 

strong, and rough handling a s 

machine IS applied befee^ cistern arc likely to collapse because the 
stops, the streak canal „ould be rubbed together at each pulsa- 

insidcs of these delicate conditions the teal cups arc likely 10 creep 

lion Moreover, un ,hc gland cistern (Figure 12-5) The same 

upward, pinching or icat-cup liners arc worn or diny or if ihc 

type of “lum arc improperly adjusted 

pulsation rate a ‘ udder can be bruised by the cow herself if she is 
. ‘^-'bermore since person responsible for moving cows 

hurried to and from 1 • 
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Figure 12«2 Mastitis ef dairy cows m the United States it 
experienced by one dairy cow out of four (Courtesy Chat 
Pfizer & Co ,Ine) 



i^?r^ Deformed teats predispose the cow to mastitis 
At the left IS a teat with abnormal streak canal and cistern, 
u drawing shows o pocketed teat which could hold 

infected milk, abnormal growth of annular rings 
o s roc passage between udder and teat cisterns in teat 
shown at the right (Courtesy Babson Brothers Co ) 
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should v.ulkbeh,nd them The use of dogs, horses, und motor vch.cles for 
dnvme cattle is a common cause of mastiUs 

Although not mentioned often improper vacuum 

cups ,s a .ery sertous error If the teat cups arc pulled olT w.th vacuum 
still applied, delicate tissues m the udder are drawn “S'*' 
frequently with enough force to cause severe injury leading 
The proper way to remove teat cups is to break the vacuum by p 
teat mjust above the cup When this is done, the teat cups fall away fr 
the udder 
Treatment 

Dangers of Antibiotics Although the right medicament will cure specific 
cases of mastitis over reliance on drugs is a serious threat At this writing, 
antibiotics for udder infusion, available readily for over 1 5 years, have cen 
administered indiscriminately An}onf can employ almost any combination 
of antibiotics to treat any masiiiis However, no one drug kills all o t e 
causative agents and recurrence of mastitis after us cure is almost 
because the source of the microorganisms involved in mastitis is likely to e 
contacted routinely by all cows 

More than 75 tons of drugs are used annually in the United States alone 
for the treatment of mastitis Yet the incidence of the disease has not de 
creased m the last 15 years When penicillin first became available for 
veterinary use 100 000 units was a therapeutic dose then 200,000 and so 
on until some mastitis treatments consisted of as much as 800,000 units o 
penicillin and as many as four additional drugs 

Excessive reliance on antibiotics has had very unfortunate consequences 
(1) Old standby methods of mastitis prevention have been relaxed, (2) anti 
biotic resistant organisms have developed and (3) considerable market 
milk has been contaminated with drugs 

Surveys by the Pure Food and Drug Administration have shown that as 
much as 10 per cent of the milk sold during some periods contained anti 
biotics This contributed such a threat to human health that a zero toler 
ance has been established for antibiotics in milk Thus antibiotic treatment 
should be limited to cases actually requiring this type of therapy milk 
can be used for at least 72 hours after udder infusion or general systemic 
treatment with antibiotics 

Recommended Procedures Mastitis is essentially a man made problem 
The best solution at present is careful management for the prevention of 
injuries and the detection of udder abnormalities in the early stages Over 
all treatment involves following recommended procedures of sanitation 
testing and medication 

S™iMli«« New sanitizers on the market [or cleantng machines and 
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udders are better than previous ones, which owing to the importance of 
sanitation is a most encouraging sign 
Since most of the microorganisms on teat-cup liners seem to come rom 
the skin of the teats, the udder should be washed carefully prior to mi mg 
lodophores and chlorhexidme are the best available disinfectants Ma- 
chines should be rinsed in plain clean water, then in a clean sanitiz g 
solution before being attached to each udder If solutions are 
frequently, bacteria will build up m them Thus after washing an ippmg 
solutions have been employed on a dozen or more cows, furt 
of them often amounts to bathing the openings of the teats an ippmg 

machines into suspensions of potential pathogens ij 

Immediately after milking, cloths employed on the u ers s ou 
washed carefully and placed in a good disinfectant sue as a so u 
quaternary ammonium compounds, lodophores, or hv 

strip cup shows that a cow has abnormal milk, she s ou e 
hand, or at least special care should be taken to comp ete y sa 
equipment used on her udder ^ t,nn 

Some dairy managers suggest dipping the teats m a sam izi , 
after the completion of milking This practice has several 
however If the cows are turned out with the teats wet uring » 

chapping IS likely to occur, particularly if a hypochlorite so ^ 
employed Moreover, the causative organisms are apt to e -n-nings 
the disinfectant is gone For the most part, attempts to sea , . „ 

to teats have been unsatisfactory because of dirt for 

the teat by the sealing material (usually collodian) n i ^ ^ 

after-milking teat treatment should contain an effective isin 
sealant, the solution should dry very rapidly Various solutions of this yp 

are now in development . „ n,rtv lots 

The environment of lactating cows needs constant atten lo 
inadequate housing, crowded or cluttered holding and f«d> B ’ 
anything else which is a potential source of injury or in ec i 
minimized n \ ? a Masti- 

T^img A logical follow up for suspicious equipment for 

"s Test (CMT) or the Michigan Mastitis Test (MMT) Th q P 
-- ■ ■ F.gure^2-6 They are simple X 


'hese tests is shown in Figure 12-6 They are simple colors 

man can run by the utilization of a reagent that “ ,a,e (this 

abnormal milk Part of the reagent causes mastitis milK ^ another 

‘San anionic wetting agent in concentration of 3 to 5 per 
P-l IS a dye (Brome'crcsol green) in ihe 

Chloride m the MMT A change in color shows . expensive 

mastitis The MMT is the newer of the tests and rcquir 

‘■’-agents 
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Hov.cvcr, both tests are similar m almost all respects and arc for the 
same purpose They indicate the degree oj maUitis by meaiunng the products oj 
iT^ammation in milk as it comes from the udders Large quantities of leucocytes 
arc present m inflamed udders they are high in proteins which react 
with the CMT or \I\IT reagents to form a gel The degree of gelling is 
related closely to the number of leucocytes present Although these tests 
do not nccessanly show that an animal is infected cows which show posi 
tne reactions are at least predisposed to the disease 

Medication Often bathing inflamed udders with hot oil solutions causes 
mild abnormalities to clear up quickly When more drastic medication is 
indicated it should be directed by the vetennanan He must examine the 
milk to determine the identity of the causative organisms, then he can 
prescribe medication 

Udder infusion may be employed but in most cases this technique is of 
doubtful mem The nature of the mammary tissue makes it difficult for 
infused material to reach the affected areas Moreover keeping infusion 
equipment stcnle is a senous problem thus use of this technique may 
actually induce additional infection Systemic injections arc more practical 
c\en though the infection is local 

Staphylococcus aureus One of the fastest gaining types of mastitis appears 
to be that caused by Staphylococcus aureus because it cannot be controlled as 
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readily by antibiotics as most other types can It has been found that vac- 
cination with staphylococcal toxoid or bacterin-toxoid stimulates produc- 
tion of antibodies against staphylococcal mastitis The effect appears to be 
mainly one of prevention Staphylococcal udder infections are very difficult 
to cure, and it is estimated that from 10 to 60 per cent of the present dairy 
cow population is so infected 


DISEASES DIRECTLY AFFECTING REPRODUCTION 

You will recall that in Chapter 1 we pointed out that the reproductive 
impulse was the most important thing to promote Although mastitis, 
because of its serious effect on lactation (a side effect of reproduction), is of 
great concern to the manager, those diseases which have a direct effect on 
reproduction also cause tremendous losses Such diseases as trichomonia- 
sis, vibriosis, leptospirosis, and various types of vaginitis and nonspecific 
infections are spread by either artificial or natural breeding Thus special 
precautions should be taken m examining any bull for either type of service 
Trichomoniasis definitely is a venereal disease caused by the organism 
Tnchomoms fetus The symptoms to look for m dairy cows are early abor- 
tions and pyometritis The uterus of infected cows may be greatly swollen 
and filled with pus Such animals are listless and often have abnormally 
high temperatures An infected bull is almost impossible to cure The 
infection is likely to be in the testes, and thus it is difficult to treat sys- 
temically and impossible to treat by local application of medicaments A 
hygienic breeding program and early diagnosis and treatment of the disease 
in females with appropriate antibiotics is the only present recommendation 
Routine use of antibiotics in semen helps control this kind of disease when 
artificial insemination is used 

Vibriosis, vaginitis, and brucellosis also may be considered venereal 
diseases, since they affect mainly the system of reproduction Leptospiro- 
sis may involve the reproductive system and/or other parts of the body All 
of these diseases may be spread during breeding as well as in other ways Urine 
(particularly in the case of leptospirosis) is infective, thus contaminated 
feed bedding buildings, etc , are possible sources of infection Moreover, 
some animals’ not showing symptoms can be carriers of disease 

Vibriosis IS spread by breeding and by other channels Symptoms of 
vibriosis are as follows abortions in 10 per cent or more of the herd, dif- 
ficult breeding, still births, weak calves, and vaginal discharges After 
several months females usually develop immunity, although bulls may be 
carriers for years Effective control ordinarily involves three months of 
sexinl rest antibiotics as injections in cows, preputial douches in bulls, 
semen trealment, and rigid general sanitation 

Vaeiniiis often appears to be the cause of difficult conception It can be 
spread by the bull or may follow injury at breeding or calving Vaginitis 
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may result m septic metritis and sterility if the inflammation spreads to the 
area of the cervix However, granular vaginitis may be disseminated by 
means other than the breeding process 

Brucellosis continues to be a problem although the incidence of this 
disease is declining steadily The milk nng test is employed to detect sus- 
pected animals, and the diagnosis is confirmed by a blood test Calves are 
vaccinated with strain 19 vaccine when they arc 5 to 8 months old This 
does not immunize the animal completely, but reduces its chances of con- 
tracting the disease Once an ammai has brucellosis the only safe practice 
is to remove it from the herd immediately 

Leptospirosis causes abortions without warning This disease will infect 
animals of all ages and many cattle apparently arc carriers Vaccination 
with antiserum containing killed organisms, along with treatments and 
careful management, usually controls leptospirosis 

COMMON METABOLIC DISORDERS 
No doubt many metabolic malfunctions occur in hard working cows, and 
most of them result m ketosis (acetonemia) or m milk fever Depletion of 
adaptive energy and the GAS no doubt are involved in both malfunctions 
Usually the symptoms of these two conditions arc similar, nervousness, 
paralysis, inability to rise, or loss of consciousness (see Figure 12-7) Aceto- 
nemia may occur m various degrees, slight disturbances may not be noticed 



COMMON METABOliC DISORDERS 


169 


Even these cases are important, however, because they can affect produc- 
tion throughout a whole lactation. 

Ketosis 

Loss of production is the main consequence of ketosis; less than 5 per 
cent of reported cases have been fatal. The condition occurs most often in 
high producers. Generally the incidence of ketosis seems to have increased 
since it was first reported in 1929, and it commonly occurs 14 to 28 days 
after the cow freshens. Cases have been reported as early as seven and as 
late as 70 days after calving, however, and the possibility of disorder always 
is present. 

Ketosis IS caused by ketone bodies. They are formed for the most part in 
the liver as an end product of rapid mobilization of reserve nutrients. The 
demands of production are so strong that feed is inadequate (Figure 12-8), 



Figure 12-8. Inadequate feed caused this cow to eat fence posts and 
dirt in quest of missing nutrients. 


and reserves are mobilized faster than the by-product, ketone bodies, can be 
dissipated. 

Although stress conditions such as disease, nutritional inadequacy, or 
other complicating factors must be eliminated if any ketosis treatment is 
to be adequate, many treatments have been proposed, and most of them 
help. Glucose or fructose injections arc among the most valuable How- 
ever, since fructose doesn’t depend on the action of insulin, it is usually 

considered superior. 
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Various drugs related to the horntone cort.costerone arc 
cases of ketosis and they often cause the blood supr to rise 
or above within 24 to 48 hours Several days ordinarily are requtred f 
ketone bodies to return to normal but appetite and genyal appearance 
improve quickly as a result of the hormone treatment Sodium 
or propylene glycol drenches are effective in many cases F^mly 
cattle affected by ketosis can be helped by increasing the feed trllowance 
This IS done best by allowing extra bulky concentrates like snapped corn 
Citrus pulp 


Milk Fever 

The other common metabolic derangement is milk fever It really isn t 
a fc% er in many affected cows body temperature is subnormal Most cases 
occur within 72 hours after calvmg It is caused by the inability of the 
animal s body to mobilize reserve mineral matter (mainly calcium) fas 
enough to meet the demands of milk production 

Milk fever is not caused by a nutritional deficiency and feeding calcium 
heavily during the dry period doesn i help In fact cows on low calcium 
diets may be better prepared to mobilize reserves since their respective 
parathyroid glands and associated systems have been active all along On 
the other hand, these systems may be out of condition m cows fed excessive 
minerals before calvmg Vitamin D in excess of usual requirements fed for 
five days before calving frequently helps prevent milk fever by mobilizing 
reserve mineral matter 

The preferred method of treatment is injection of a 20 per cent solution of 
calcium gluconate The symptoms of milk fever are almost the same as 
those of ketosis and both conditions may be present at once, so most com 
mcrcial therapeutic calcium solutions also contain sugar Since phos 
phorous and magnesium may be needed in the treatment they should be 
included also 

hen the afflicted cows are nervous or perhaps having difficulty walking 
but can stand and remain conscious it is best to give the injection into the 
pemoneal cavity This is done on the right side at the tnangle formed by 
the last nb back bone and hip bone However the solution should be 
warmed before the injection 

If the cow IS in a coma she should be kept from lying on her side the 
injection is given very slowly into the jugular vein In most cases recovery 
IS very rapid 

These diseases may occur partly as the result of improper feeding prior 
to freshening Although the dry dairy cow should have a fitting ration 
which will enable her to build reserves fattening her like feed lot animals 
IS a mistake She should be conditioned to be strong — not fat Plenty of 
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impossible for the cow to belch and excess gas accumulates This type of 
bloat can be controlled by anti-foammg agents 


Prevention of Bloat 

Anti-foaming Agents Almost any kind of nontoxic oil can be em- 
ployed to break foam or prevent foaming In New Zealand pastures 
sprayed Nsith peanut oil (3 ounces per head daily) and frothy bloat wa 
eliminated However, to achieve this, oil must be applied the same ay 
the forage is eaten Moreover, since ram eliminates the oil, it is almos 
essential that strip grazing be utilized with the spraying of pastures ort 
able electric fences are used to expose just the treated areas to the grazing 


animals . 

At the Iowa Agricultural Experiment Station good results have been o 
tamed with cattle fed from wagons on feed sprinkled with crude soybean 
oil Although the oil is toxic to very young calves, it is m no way harm- 
ful to animals large enough to graze A quarter of a pound of oil is 
sprinkled onto each 75 to 100 pounds of forage before unloading or feeding 
from the wagons However, the same job can be done with lard oil, com 
mcrcial yellow grease, bleached tallow, and various vegetable oils (inclu 
mg the popular cooking and salad oils) Thus it is easy to control frothy 
bloat in animals fed from bunkers or self-feeding wagons, whether the feed 
IS greenchop, silage, or hay 

If cattle are to be pastured m large areas frothy bloat probably can 
be prevented by the utilization of a roughage mixture containing citrus 
pulp, >anous other bulky feeds, and a liberal amount of oil For best re- 
sults this mixture probably should be fed right in the pasture m the same 
kind of feed bunks employed for greenchop or silage When oil is added to 
the regular barn concentrates at least a pound of oil per head daily is 
necessary to prevent frothy bloat With pasture-fed pulp mixtures, the oil 
content probably can be reduced considerably 

\V ater-dispersablc oils can be added to drinking water However, this 
does not seem to be a practical technique since at this time there is no 
way to estimate accurately either when or how much water bloat-prone 
individuals will drink 


Although various substances other than oils can serve as anti-foaming 
agents these materials (waxes, detergents, synthetic surface-active agents, 
silicones and alcohols) usually are more expensive, harder to get, and less 
pilatablc than oils Edible oils are available almost universally Probably 
there arc natural feedstuffs which contain foam depressants Linseed 
meal for example, contains mucin, and this feedstuff appears to reduce the 
incidence of pasture bloating Perhaps some types of feed-lot bloat can 
be allcMaied m pan by Imseed meal or other feeds that control frothing 
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Research into the effect of various concentrate feeds on the incidence of 
bloat has not been extensive 

Thus each feeder may have to try various combinations Breaking plant 
cells so as to allow the cell contents to enter rumen solutions as forage is 
consumed may help prevent frothy bloat caused by some forages The 
plant cells are ruptured to some extent by hay conditioners and perhaps 
by some types of forage harvesters Dewatering the forage also may re- 
move bloat-producing substances, or concentrate natural foam preventa- 
tives Saliva helps prevent foam Hence supplementary feeds which have to 
be chewed extensively often help by stimulating salivation 

Antibiotics. These drugs sometimes help to prevent the occurrence of 
bloat When antibiotics are employed in this way, the action is confined 
largely to the rumen Thus they are not considered harmful in the way 
that indiscriminate antibiotic dosing is in the case of mastitis In fact, the 
Food and Drug Administration in November of 1957 approved the use of 
chlortetracyclme (an antibiotic affecting a wide spectrum of organisms) 
for continuous feeding to dairy cattle The approval was based on the 
premise that at a level of 0 1 milligram per pound of body weight daily none 
of the antibiotic appears in the milk Moreover, continuous low-level 
supplementation appears to help prevent such diseases as foot rot, pneu- 
monia, and shipping fever 

Antibiotics often are given with other feeds or by capsules containing 
75 to 100 milligrams daily before pasturing (Figure 12-9) Combinations of 
antibiotics seem to be desirable, as many as five have been used in experi- 
mental mixtures with favorable results They may be mixed with the salt 
which IS fed in mineral boxes in the pasture This requires less labor, but 
some researchers doubt the value of the practice because consumption is 
likely to be variable and the animals which need medication most may not 
get It Another objection is that exposure to moisture, including sain a, is 
likely to cause rapid deterioration of antibiotics Generally, the anti- 
biotics do help but their effect is likely to wear off after ten days to mo 
"ecks 

Treatment of Bloat 

It seems that most pasture and fccd-loi bloat can be prc\cntcd but 
"hat should be done for a con uhich is already bloated’ 

If the bloat is caused by froth, an cffcclnc dose of oil can be given bv 
mouth Drenching must be done with care because when the cow is 
bloated there is an increased danger that the drench \m 11 go into the lungs 
Ferhaps it’s best to use a stomach tube which is forced into the rumen 

To insert the tube, pull the longue to one side and push the tu!>c right 
down the middle of the esophagus It may co into the irachc.i instead, so if 



Figure 12«9 Giving medication with a balling gun 

the animal coughs pull the tube right back out In any event insert the 
tube only six inches to a foot at first If ii has gone down the wrong vvay, 
one can hear the cow breathing through it Usually a tube will slide down 
the esophagus into the rumino reticular cavity very easily Then about a 
pint of edible oil can be poured into the rumen In most cases of pasture 
bloat this brings almost immediate relief In an emergency, a piece of 
garden hose can be utilized Turpentine or kerosene (about Yl cup) gen 
erally will relieve frothy bloat but undesirable side effects occur, often 
causing digestive disturbances 

If medication doesn t help walking the animal or causing her to stand 
vs iih her front feet higher than the rear feet sometimes helps A smooth 
stick placed into the mouth as a bit may cause belching to begin 

In many cases u may be necessary to puncture the rumen This seems 
drastic but if the other remedies don t bring relief the operation should 
not be delayed A fully bloated cow may have but a few minutes to live 
unless the gas is allowed to escape To remove the gas by puncture 
make a hole in the left side within the tnangle formed by the last nb the 
back bone and the hip bone This should be done with a trocar and can 
nula but many cows have been saved by quick action with a pocket knife 
It also 15 possible to inject oils or other foam breakers into the rumen at 
this tnangle This is done easily with a gravity set designed for injecting 
calcium solutions for milk fever One must be sure however that the 
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needle actually has entered the rumen If oi! should be injected into the 
body cavity rather than the stomach, serious complications could occur 
Obviously present knowledge of bloat is sketchy Tremendous effort is 
being expended by researchers throughout the world, however, and before 
many years, this centuries-old problem is likely to be solved In the mean 
time, certain management practices are helpful 

(1) Be alert Even though one has never seen a case of bloat, the whole 
herd could be affected at any time 

(2) Keep cattle in good flesh but not fat Most fatal bloat occurs in cows 
which are either underfed or in those which are too fat 

(3) Mixtures of grasses and legumes are less likely than legumes alone to 

cause bloat , , 

(4) Hay or a good bulky concentrate mixture fed in the pasture may e p 

prevent frothy bloat , 

(5) In case of feed-lot bloat, coarse feed has been observed to stimu a e 
belching 

(6) Immature forage IS more likely to cause bloat than IS older oragc 

(7) Before cattle are turned onto pasture, a good fill of hay may preven 
bloat by diluting the green forage 


POISONING 

Now more than ever before there is grave danger of accidental 
‘ngofhvestock Wider use of products which could be toxic is responsible 
for this danger In this section we will discuss the various cause 
poisoning and the measures required for the prevention of . 

addition, a brief explanation of how to provide treatment of a p 
animal is included 


Prevention 

Poisoning can occur from a wide range of sources such as 
° herbage, paints, grease on equipment, pesticides, minera s, 

* yarsm clay pigeons poison- 

Pflinl Paint is a killer because often it contains le. . _ noisons, 

ous metals Toxic metals used in paints generally are amounts 

erefore, their effects may not be seen until occasiona , jcad 

mid up, as they do, to a lethal dose Moreover, calves to be 

^ 'chare sublethal to cows have been shown to cause be 

°cn With deformed legs and spines, It appears that ca p 

°rtcof the factors m crooked calf disease . j,ck freshly 

^tt!c Will pick up paint which is spilled, and someti ^^hntevc^ 

"^'nted buildings and equipment They arc almost s sur- 

^hey can from used containers, brushes oe 


i’ami 
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nng Ho\%e%er, danger from this source is preventable In the first place, 
special nontoxic paints are available for utilization on stanchions, calf 
pens mineral boxes or other equipment which animals frequentl> contact 
For outsides of bams and allied structures only two precautions are 
necessary (1 ) keep animals away until fresh paint dries and (2) dispose of 
all cans and equipment so liveaiock will not have access to them 

Machinery and Equipment Farm animals arc curious creatures Often 
they nose around and lick machinery left in pastures, this sometimes leads 
to ingestion of grease and other lubricants These may cause harm di 
rectly, as in the case of skin troubles from chlorinated naphthalene ad 

ditives Also molybdenum (which may interfere with mineral metabolism) 

IS added to some lubricants in amounts which could be toxic Moreover, 
lead poisoning has occurred in cattle v\hen they have licked discarded 
batteries and metallic lead m other forms 
Skeet shooting provides good gun safety training for children and it s 
fine recreation for anyone But clay targets are poisonous to livestock 
Many animals (pigs especially but cattle also) like to pick up clay pigeon 
fragments in target sues A number of animals have died from poisoning 
by the tars contained m these clay targets 
Misuse of Medicaments Many modem medicines and other chemicals 
are dangerous unless employed exactly as directed by the manufacturer or 
the prescribing veterinarian This applies to materials used for skin 
troubles and to some medicines for externa! parasites 

Not only must these medicaments be administered in correct doses, they 
must also be utilized only for the particular class of animals for which they 
are prescribed A substance which can be safely applied to the skin of a 
cow possibly would because of us conccmraiion kill a household pet or 
even a calf 

Pesticides Although pesticides for pastures are dangerous if not ad 
ministered exactly as directed these substances are extremely useful And 
they are safe if animals are kept off treated areas and/or mechanical 
harvest is delayed for the length of time indicated by the label on each 
poison container 

Old pesticide containers must be buned, otherwise some of these may be 
eaten outright Cattle seem to like the taste of arsenic compounds and 
some other pesticides which could cause them serious trouble 

'Need killers can be deadly to livestock Arsenicals are among the 
most dangerous of these Cattle seldom eat plants treated with arsenicaU 

ut t cy wi nnk water containing the poison and hence great care must 
be excrcscd m „s appl, canon .n or near pasture areas 

ftn ^ 'orate ts palatable to cattle and usually it kills qtiickl> So- 

otk™ ™j ?'°“"“''‘^^''>“"““‘'Tttation to all tissues Hon eser, some 

other need killers such as2 4 D 2 4 a T and MCP are not tox.c 
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Fertilizers. These can kill livestock also Cattle relish nitrates espe- 
cially, and will consume lethal doses of this type of fertilizer when it is 
available to them Therefore, fertilizer must be stored where cattle cannot 
get to It Moreover, after each fertilization, it is a good idea to keep all 
stock off the pastures until it rams Even then, for a few days following 
heavy nitrogen application, pasture grasses (as the only forage) could con- 
tain enough nitrate to be dangerous This seems to apply especially to oats 
Old fertilizer bags should be buried or burned as soon as is practical after 
they are emptied 

Poisonous Plants. Some pasture plants may become toxic when they 
mature If the seed heads of Dallas, Bahia, or similar grasses look moldy, 
they could contain ergot This substance causes abortion, and sometimes 
death Corn stalks may become toxic when they age for long periods 
during unfavorable weather 

Sorghums Other forages to watch are the sorghums As long as these 
plants (which include Sudan and Johnson grass, Sart Sargo, and some 
other canes) are healthy, rapidly growing plants, they are not dangerous 
m any way However, if drought, frost, floods, trampling, or anything 
else stunts them, prussic acid (a deadly poison) is formed 

After the sorghums are cut, sprouts are likely to come out of the stub- 
ble These sprouts are high in prussic acid and should not be grazed un- 
til they have grown for several weeks If the growing conditions are 
favorable, cattle have access to plenty of other feed, and nitrogen fertiliza- 
tion IS moderate, then there is not likely to be danger from grazing But 
there could be Second growth sorghum must be grazed only with extreme 
caution Since prussic acid poisoning causes almost instant death, animals 
cannot be saved by removing the feed when they begin to get sick 

Ensilage made from these plants, on the other hand, is safe unless it is 
self-fed or very large amounts are taken from the silo at one time and fed 
immediately This is because the prussic acid is volatile and will evaporate 
from the surface If large feedings are to be removed at one time, the silage 
should be spread out for about four hours before cattle are allowed to eat it 
Sueel Clour Since the popularity of this plant is growing (especially for 
grccnchopping), some herdsmen arc concerned about sweet clover disease 
However, there should be no reason io\Norr>, for this disease is caused only 
by spoiled forage Dicumcrol, a substance which pre\cnts action of Vita- 
min K, IS formed when mold grows m sweet clover Although dicumcrol 
may be present in other hays lo a smaller extent, toxic levels arc generally 
found only m moldy sweet clover Uncontaminnted sweet clover is excel- 
lent feed 

Systems of Forage Utilization. The way that forage is utilized has a 
bearing on the danger from weed poisoning I rcqucntly poisonous vsccds 
—including nighi shade, some varieties of the coffee vsted, lupines, and 
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crotalanas— are found m open pastures Generali) v.iih plent) of other 
feed available not enough of these weeds are eaten by grazing cattle to be 
harmful since the poisons are well diluted 

In strip grazing or greenchopping however almost complete consump 
tion occurs and death from poison weeds becomes more likely Preven 
tion is effected by frequent examinations clipping and (when necessary) 
spray ing with the proper herbicide for the pasture concerned 

Even in large pasture areas there is some danger from poison weeds 
unless the desired type of forage is in generous supply In addition to 
noxious plants already mentioned cattle have suffered from eating sorrels 
and doc^ which contain oxalic acid and from consuming the vegetation of 
wild cherry trees containing poison glucosides 

Improper Use of Nutrients Some essential nutrients arc toxic when ad 
ministered improperly All animals need salt and cattle can cat as much 
as a pound daily without harm However if livestock have been deprived 
of salt for long periods they may consume lethal doses when given free 
access This occurs most often m pigs and chickens but cattle also have 
died from poisoning by common salt 

Occasionally salt is mixed with protein supplements to limit intake of the 
latter by range cattle or dry dairy cows and heifers Although this causes 
consumption of considerably more salt than is needed no danger occurs if 
feeding is done close to a reliable source of water 

Supplementary mineral mixtures containing iron copper and cobalt 
are necessary for livestock m some areas Peat soils arc likely to be very 
high in molybdenum which interferes with copper metabolism Hence cop 
per requirements for cattle grazing on this type of land are apt to be very 
high A special high copper mixture therefore is recommended for these 
areas 


If cattle consistently maintained on mineral soils consume this special 
^xture for long periods they can become ill or die from copper poisoning 
k resembles lead in that it can build up slowly to a toxic level m 
' ^ ^ ^ other hand if cattle on peat soils do not receive the 

spccia mixtures they may suffer from molybdenum poisoning 

Selenium This chemical is concentrated enough in some soils m west 
em nitc tales Canada and Mexico to make plants raised there toxic 
ertam native plants have been found to grow only on selcniferous soils 
f Included are 24 species oi Aslragalus (vetch 

/ , j °'*'^r5) most species of Xylorrhiza (wood aster) Oonopis 

Ik! fflT'y (pnnees plume) Sulfates appear to alleviate 

he effects of selenium somewhat whereas they promote the molybdenum 
opper antagonism Hence the form m which supplements are added can 
oe important 



REPRODUCTION 


The d\iry manager in \ broad sense is concerned mainly with 
reproduction, since milk is produced lo feed the young and its secre- 
tion IS denoted properly as a part of the reproductive function 

The effect of reproductive performance on lifetime productivity can be 
determined by comparing the average amount of milk produced each day 
including dry periods from the second birthday to the date of last milking 
Data from two cows raised at the Florida Station can be used to illustrate 
this principle, as shown in Table 13-1 

The lactation average of cow two, 9a68 pounds, appears to be superior 
to that of number one, 7917 pounds Yet the average daily production of 
cow one was 27 4 compared to 19 3 for the cow with the large lactation 
average The difference was caused by differences in reproductive per- 
formance 

I*hc second strongest impulse in all nature is reproduction, the only 
stronger one being survival It should therefore be easy for herd managers 
to enlist the aid of nature in promoting dairy merit, but this is not always 
the case because nature has placed so much emphasis on the stronger sur- 

Tobla 13-1. Effect of Reproductive Performance on Lifetime Production 


Cow 1 Cow 2 


Age ot first calving 

2y 6m 8d 

2 y 9 m 28 d 

{yeors/monthi/doys) ) 
Second birthdoy to 

1985 d 

2596 d 

Lott Dry Date 
(deyt) 



Nurier of Uoctotiont 

9 


Totel Production (lbs) 
Average Miltc per Loc 

71,247 

7917 

38,273 

9568 

fstioo (lbs) 


Averoge MjlV per Doy 
(lbs) 

27.4 

19.3 
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vival impulse, and often factors involved strictly with survival are antago- 
nistic to production and reproduction. 

The anatomy and physiology of reproduction are covered well by excel- 
lent texts on these particular subjects. Nevertheless, a brief, general re- 
view IS in order at this point, 

THE FEMALE ORGANS 

Consider first the ovaries (Figure 13-1). The ovaries are the egg-produc- 
ing organs in the female. They are attached to the body cavity at the pel- 
vic rim. The ovarian ligaments, the main attaching tissues, carry a rich 
supply of blood vessels, lymph ducts, and nerves. The outer layer of 
epithelial cells known as the germinal epithelium, proliferates at intervals 
to form ova, each of which is surrounded by a two-layer capsule. At this 
time the structure is known as a primary follicle. As the follicles develop, 
the follicular cavity fills with fluid which contains the hormone estradiol. 
At this stage the structure is known as a graafian follicle. 



Figure 13-1. The ovary. 


At tlic time ufuvuiation, the unfcrtilucd egg (o\um) and the follicular 
iluid arc forced out of the graafian follicle Normally they fall into the distal 
end of the oviducts (sometimes called fallopian tubc>) It is possible fur 
them to miss, hovvever. and .ibdominal pregnancies occur at times 

The foUicuLir cavity Loli.ip>cs at the time of ovulation but liie tissues 
remain nearly intact Later the c.ivit\ begins to fill with polyhedral 
(m.iny-sidcd) ceils containing a yellow fatty substance which may be the 
precursor of hormones The outer membranes of the capsule then send 
nerve lusiics and bltKxl vessels through the veIlov\ iclls .md thus a icm- 
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porary endocrine gland is formed The temporary gland, the corpus 
luteum (>cllow body) produces another hormone, progesterone borne 
pro»estcrone may be released by the preovulatory follicles All stages ol 
activity represented in Figure 13 1 usually occur at the same time in most 
normally functioning ovaries 

RECTuy ctJPrtx 


VULVA 1 
vauha' 
8LA0CER 


Figure 13*2 The female genital 
anotemy and artificial insemination 
by rectal palpation (Drowing by 
Elizabeth Ehrbor) 

Figure 13 2 shows the gross genual anatomy Each oviduct has a funnel 
like structure (infundibulum) at the top to catch the ova at the time of 
ovulation The lubes are quite muscular and each has a nch supply of 
lymph and blood vessels They are lined with small cilia the purpose of 
v^hich IS not completely clear They probably help force sperm to the 
distal end of the oviducts 

The uterus m the cow looks like the horns of a ram since it has a very 
little body and long curving horns The uterus has two layers of muscles 
and tv%o layers of glandular tissues Its supply of blood and lymph is tre 
mendous A great deal of uterine milk is secreted into its cavity, some of 
the secretions occurring about the time the ovum arrives This utenne 
milk IS the only nounshmem the zygote (fertilized ovum) gets from its 
environment dunng the first several weeks of pregnancy 

Attachment of the embryo to the uterus is accomplished when the 
embryo forms two layers of tissue around itself The outer layer of tissue 
then attaches itself at many points in the uterus 

At these points caruncles (projections) in the uterus enlarge many 
times The caruncles contain a very nch supply of maternal blood and the 
fetal membranes contain the mam blood vessels to the embryo It is there 
that nounshmem and waste produas are exchanged across two mem 
^rancs he process probably is one consisting largely of selective filira 

The cervix ot the cow is ranch like that of other mammalian species H 
IS irom two to three inches long has longitudinal and annular folds, and 
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has columnar cells which secrete a viscous lubricating and cleansing sub- 
stance during the heat period The main function of the cervix is to pre- 
vent foreign objects from entering the lumen of the uterus The cervical 
canal is closed at all times except during parturition, at which time it ex- 
pands During pregnancy the cervical mucus hardens to form a seal Just 
before parturition the seal liquefies, probably because of hormonal action, 
and the cervix relaxes 

The vagina also is like that of other species, being lined with epithelial 
tissues which cornify during the heat period and maintain minimum me' 
tabohsm during pregnancy 

THE ESTRUS CYCLE 

The sexual cycle of the cow is easily described graphically as in Figure 
13-3 The figure shows the various periods of the estrus cycle including 
two heat periods which are 21 days apart 

In the figure, as we go from left to right, we come to the first estrus 
(heat), It IS assumed that the cow was not bred at the first estrus At the 
second she conceived and some differences are apparent 

Proestrum (extreme left) is the period of preparation for breeding Note 
that activity of the entire system is accelerated The follicle develops in the 
ovary, the uterus becomes turgid and gorged with blood The blood sup- 
ply to the vagina is reduced, and hence the cells thicken and cornify some- 
what This period lasts from 18 to 36 hours 



Figure 13-3. The estrus cycle. 
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The heal penod varies from 6 to 36 hours, and sexual desire is ihc main 
physiological change, though there is usually an increased discharge of 
mucus especially from the cervix 

The third period is metestrum N’o major change occurs m the organs 
for? to lo hours after esirus Then the follicle ruptures, and 3 to 7 days 
are required for the corpus lutcum to exert much inllucncc, though the 
cavity left by ovulation is likely to be filled wiih luteal cells vs ithin 36 hours 
Dunng the next phase, dicstrum, if the animal is not bred, the corpus 
luJeum begms to decrease m size and inHucacc Htis happens alter about 
16 days, then the cycle is repeated While the corpus lutcum is clfcctivc, 
high condition of the genital tract other than the vagina is maintained In 
this state the cells are thick, secretions arc copious, and a tremendous 



Figure 13>4. Comparison 
of a cystic and normal 
ovary. Note larger sixe of 
cystic ovary. 
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supply of blood is maintained in the area If the cow conceives, this is 
true throughout pregnancy Occasionally a pregnant cow will exhibit 
symptoms of estrus Careful records of breeding dates and pregnancy ex- 
aminations should be available so that such animals will not be bred 
again It is likely, though not certain, that breaking the cervical seal with 
the inseminating tube will cause abortion 

Most super heats occur at times which would not be expected from the 
normal time since the last previous heat period Another common mal- 
function IS the occurrence of follicular cysts These are enlargements on 
the ovary formed by follicles which failed to ovulate Why they occur is not 
clear, but it is probably because of a hormone imbalance 

Nymphomania often occurs concurrently with cystic ovaries (Figure 
13-4) and hence they have been thought to secrete estrogenic substances 
While this may be true, it now appears that the secretion of cysts often 
contains progesterone This condition may be accompanied by the as- 
sumption of male characteristics Hence some authorities theorize that 
cystic ovaries may result from hormonal aberrations not of ovarian origin 
and may accompany, rather than being the cause of, nymphomania 

Yet continued administration of estrogenic substances has caused the 
development of a raised tail head, sunken pelvic bones, and the tendency 
to bellow like a bull Hence it seems possible that follicles which fail to 
rupture continue producing estrogenic substances which cause nympho- 
mania 


THE MALE EJACULATE 

The male reproductive cells are formed from germinal epithelium which 
lines seminiferous tubules throughout the testicle They finish matura- 
tion in a long convoluted tubule (the epididymis) at one side From there 
they go through the vas deferens (a tube that leads into the body caiily) 
Enlarged parts at the distal end of the vas deferens (the seminal vesicles) 
add fluids Other accessory glands (bulbo urethral and prostate glands) 
also add fluids, some of which activate the spermatozoa The penis is sup- 
ported by the urenac muscle and the retractor muscle An S shape m the 
internal structure (sigmoid flexor) keeps the organ retracted within a 
glandular sheath except at the time of breeding The male genital tract is 
shown in Figure 13-5 

The ejaculate is composed of approximately one-fourth sperms, one-half 
fluid from the tpidid>mis, and onc-fourth fluid from the acccssor> glands 
Usual!) .1 bull cj iculatc compnsis about 5 cc and mav comain three bil- 
lion to five billion sperms 
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An ovum older than six to eight hours can be fertilized, but the zygote is 
not likely to mature Thus the cow should be bred sufficiently early so that 
the sperms will be waiting at the distal end of the oviduct when ovulation 
occurs Sperm cells are good /or about 36 hours after ejaculation into the 
genital tract of the female If they are older than that, fertilization will be 
accomplished but maturation is not likely 

The tail of the sperm is effective as an organ of motility to get it into 
the cervix The flow of mucus from cervical cells actually stimulates this 
activity while keeping bacteria out of the uterus Sperm cells have the 
power of rheotaxis, which means that they always swim against the cur- 
rent Thus under natural conditions, the flow of mucus from the cervix 
directs sperms into the upper genital tract, and at the same time it washes 
bacteria out 

Usually if anything occurs to shock the sperms, the tails will appear ab- 
normal Thus sperms with crooked, broken, or otherwise abnormal tails 
probably are infertile If the tails are not normal, the sperms probably 
are impotent If as many as 50 per cent of the cells appear abnormal, the 
entire ejaculate usually is discarded 

The sperms can be shocked in the following ways (a) by cooling too 
rapidly, (b) by chemical action of substances like soap or residual sulfur 
in rubber parts, (c) by a few seconds of direct sunlight, which often causes 
the tails to curl, and (d) by the collecting equipment being too hot Al- 
though heating to body temperature from storage temperature does no 
harm, going very much above body temperature may cause shock 

The Artificial Vagina 

The artificial vagina still is used with most bull studs because it is in- 
expensive and reliable The artificial vagina consists of an outer jacket, in- 
ner finer of rubber, collection cone, and a collection vial It may be placed 
into an artificial cow but usually is hand-held while the bull mounts a real 
or artificial cow 

E{ectro-e|acufafion 

The only other presently accepted method is electro-ejaculation A 
single electrode is inserted into the rectum at about the point at which the 
herve supply to the genitals leaves the spinal column Stimulation at this 
point causes erection as well as ejaculation so that clean, completely nor- 
mal ejaculates are obtained This system may be used easily with most 
bulls, though some animals exhibit temporary lameness after each use be- 
cause of the effect on nerves to the rear quarters It is especially valuable, 
however, with old or injured animals which cannot mount 



Figure 13>6 Labeling and cotaleging »emen (Courtesy Control Ohio 
Breeders Association) 

In anv ocnt the collection must be made so that the semen is not 
shocked by cold or sunlight is not allovied to be contaminated, and i> 
tdcntiricd properly (Figure 13 6) The bull is kept as clean as possible, and 
preputial hairs (those at the end of the sheath) arc kept clipped The gen 
eralpraaice is to lead the bull bv a cow scscral time> thus teasing him 
and causing the secretion of prccoital Huids which cleanse the prepuce 

Extending the Semen 

% arious extenders arc in use and the search for better ones continues 
In general it is necessary for anynhing used to extend the sperms to have 
the following propenies 

(1) It must contain nutrients 

( 2 ) It should help absorb phvsical shock since considerable movement 
of the diluted semen occurs during shipping and handling 

<3 The diluent must be at the same osmotic pressure as body fluids to 
prevent rupture orcrcnaiion of the cells 
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(4) Metabolism of sperm cells continues to form carbon dioxide which is 
acid and must be neutralized constantly Thus all acceptable diluting 
solutions must be buffered chemically 

(5) Of course diluents also must be nontoxic and must be economical, 
easily prepared, and it is desirable for them not to contain particles such 
as large fat globules which may make microscopic examination difficult 

From the first, nonspecific bacterial contamination of semen has been 
considered a problem Some organisms are known to survive present freez- 
ing procedures 

Although much research has been reported on small additions of chemo- 
therapeutics and antibiotics to semen, the results are inconclusive It 
seems, however, that sulfanilamide, penicillin, and dehydrostreptomycin 
sulfate at respective levels of 3 milligrams, 500 lU, and 500 micrograms are 
effective against the organisms which cause most bovine reproductive 
diseases The effect of such additives on sperm metabolism needs further 
study 

Milk would seem to have most properties of a good diluent, but in the 
natural state much of it is toxic to sperm It can be made useful, however, 
by raising the temperature of the milk to 92-C for 1 to 10 minutes Since 
the heating time can vary considerably, processing milk for use as a semen 
extender is easy, although the maximum temperature must be controlled 


The toxic milk factors appear to be associated with the albumin-frac- 
tions Pseudoglobulin appears to enhance sperm-cell livability Lactenin, 
an antistreptococcal substance of milk, is highly toxic to spermatozoa, and 
may account for most of the toxicity Yet, milk contains many enzymes 
which are destroyed by heating 

At temperatures above 80”C, sulfhydryl groups may be liberated from 
some of the proteins, and these substances appear to reverse the toxicity of 


lactenin 

Skim milk IS preferable to homogenized milk because fat particles in 
homogenized milk make sperm counts very difficult Fresh milk, as op- 
posed to the reconstituted products, is desirable This is because too much 
heat IS likely to be involved in preparation of powders or concentrates 
Recently, use of reconstituted buttermilk as a semen extender has been 
quite successful, however 

The egg yolk-citrate buffer is the most widely used diluent at present 
The citrate disperses the fat particles of the egg, making sperm counts 
easy Preparation is easy too fresh eggs are cracked, the yolk is separated, 
then a sterile glass rod is used to puncture the yolk outer membrane and 
the contents are poured into a sterile container The only other step 
involves mixing one part of 3 per cent sodium citrate with three pans of the 
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egg yolk Jjqujd Sodium pho^phaie al'o can be used, but this buffer does 
not disperse the fat particles 

Glycine v.uh egg yolk or skim rotlk also offers considerable promise but 
It has not yet been thoroughly pro\cd Equal parts of 0 5 glycine and 
skim milk (or egg yolk) are mixed Another promising buffer contains one 



RguteU.? A liquid-nittogen Iroicn 


semen container (Courtesy Unds Co ) 
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part each of egg yolk, 5 per cent glucose, and 2 9 per cent sodium citrate 
dehydrate 

Shortly after the semen has been collected, it should be subjected to an 
examination for color, volume, motjJity, and sperm count, the final diluted 
mixture should contain not less than 10 million sperms per cubic centi- 
meter If the sperm count must be delayed, it usually is safe to dilute m 
ratios of 1 20 to 1 100, and this is done routinely with many studs Some 
mixtures are diluted 1 200 before the sperms are counted 

The sperm count is accomplished the same way as a blood cell count, by 
the use of a standard haemocytometer with the customary allied equip- 
ment and solutions 

Glycerol (7 to 16 per cent of the final solution) always is added if semen 
IS to be frozen In some studs glycerol is added to fresh semen which ap- 
pears to help longevity In frozen semen the glycerol replaces water and 
thus prevents crystallization which would kill the cells during thawing 

The glycerol may be added at any time, but it must equilibrate at 5*0 
for several hours (18 hours seems best at this time) Usually, the glycerol 
IS added when the semen reaches the 5*G level It must be cooled to this 
level not faster than 1 “C per minute 

The optimum rate of cooling after equilibration of the semen with 
glycerol has not been determined but it can be cooled at least as fast as 
5‘C per minute until reaching -I5*C (Naturally the optimum freezing 
rate can be expected to vary for various diluents) Then it is reduced at 
the rate of 5"C per minute to -79*C or -196*C, the respective temperatures 
of dry ice and liquid nitrogen 

One word of caution is necessary Occasionally glass ampules leak, al- 
lowing liquid nitrogen to enter When these containers are warmed, they 
may explode A liquid nitrogen semen container is shown in Figure 13-7 

Plastic ampules may be used but they have not been satisfactory for 
storage m liquid nitrogen as yet When they can be used, plastic ampules 
are preferable to glass ampules because the former are sealed with pres- 
sure Glass ampules must have long necks so the sealing points can be 
away from the semen since they are sealed by heat Thus glass ampules are 
longer and require more space for storage than do plastic containers 

Insemination 

The cow IS bred during the last part of the heat period This allows 
the sperms to be properly conditioned and waiting at the distal end of the 
genual tract when ovulation occurs Since sperms do not propel themselves 
through the genital tract after reaching the cervix motihty is of import- 
ance only as an index of general health The same applies to the shape of 
the tails 
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Since sperms must be conditioned for longer than il takes for them to 
reach the distal ends of the ovaducts mtra uterine deposition is not neces 
sary Furthermore it could be detrimental Bacteria cannot get through 
the cervix because mucus secretions keep them washed out It would be 
quite easy for them to go through on an inseminating tube 

The only acceptable technique for insertion of the tube is cervical fixa 
tion by rectal palpation One hand is inserted into the rectum and the 
cervix IS palpated through the rectal wall (Figure 13 2) Plastic or rubber 
gloves lubricated with mineral oil or other nontoxic materials are used 
The tube containing the diluted thawed semen then is inserted However, 
the tube is not forced through the cervix To prevent injury the cervix is 
worked over the end of the tube 

In some cases there will be a tightening of the rectal muscles making 
free movement of the cervix difficult In these cases which are relatively 
few the semen should be expelled onto the cervix and the tube withdrawn 
without forcing the cervix over the tube since the chance of injury is not 
justified by the slightly higher conception rate 


Pregnancy Diagnosis 

At 40 to 60 days after conception pregnancy can be diagnosed The 
uterus feels enlarged and the corpus luteum can be felt on the ovary If 
the uterus is not enlarged but a corpus luteum is found this is a false 
pregnancy and a competent veterinarian should remove the corpus luteum 
by hormone or manual treatment A technique for pregnancy diagnosis at 
very early stages now being developed involves the contraction of vaginal 
muscles m response to injected oxytocin Although not yet in popular use 
this method holds considerable promise 


ENDOCRINE FUNCTIONS 

Under the nertous control of the hypothalmus the system of regulatory 
hormones ts controlled by the antertor portton of the pttuttary gland as 
shots n tn Figure 13 8 The posterior lobe of the pituitary acts as a specific 
cn oenne organ Precursors and perhaps even some of the actual hor 
ral'amuT"' piluilary are thought to originate in the hypo- 

Va principle secretions from the posterior lobe pitressin 
and hlfviVv stimulates smooth muscles of the intestines 

muscles fit * docm or ox>tocm causes contractions of the smooth 

rermt b a 

fates the t un delivery of the calf at parturition It also stimu 

late, the smooth muscles around udder alveoli and ducts 
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Figure 13-8. Hormonal .ont.ol of production and reproduction. 


T“£r.” r“r;£’5 “vjr'-"' ” 

over the functions at the expense of adaptive energy, of course 

All permanent parts of theendocrine^^^^^^^^^^ 

interrelationships o each hormone is designated accord- 

which each g , (feet all of them influence general metabolism. 

mg to Its most spectacular encci, 

and all are involved in energy transformation 

General metabolism is influenced directly and indirectly by various se- 
cretions including thyroxine, most of the other hormones play a lesser role 
cretions, nclu g y and the adrenal hormones are essential 

in genera J^alcs and females The adrenal hormones may 

or normal «Pjf ""‘°",Xctly through the pituitary It appears that 

to a partial e formed in the adrenal cortex and that some of these 

some sex hormones are lormcu .. 

are quite similar to those produced in the sex glands 

1 I .e. c'nmnlex IS a combination of at least two hormones 

The gonadolrophic complex. s^ Follicle-stimulating hormone (FSII) 

which vary ‘ graafian follicle and the subsequent produc- 

uTn of esmad.ol The estradiol possibly acts back on the pi. unary, limn- 
ing further secretion ofFSll to maintain some order m ovulation 
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Estradiol also causes the heat period and the accompanying change in 
the genital tract In addition this hormone is associated with develop 
mcnt of the duct s> stem of the udder 

Leuicnizing hormone (LH) causes formation of the corpus luteum which 
subsequently produces progesterone which in turn probably inhibits both 
FSH and LH to some extent so that ovulation will not occur during 
pregnancy Just how the hormones arc coordinated for maintenance of 
pregnancy is not clear It seems logical however that the origin of the 
mechanism is m the uterus by the fetus The impulse appears to be trans 
milled to the hypothalamus and from there to the pituitary gland which 
regulates the ovarian activity 

Clearly FSH and LH are never secreted separately There is some evi 
dence that the production of FSH is steady and that variance of the LH 
causes cyclic changes 

Progesterone appears also to be involved with maturation of the secretory 
tissues of the udder It maintains the high condition of the uterus but 
allows the squamous epithelial cells of the vagina to regress during preg 
nancy Thus the \ aginal wall is thickened and hardened somewhat during 
the heat period During pregnancy the wall becomes relatively thin and 
noncorniBed cuboidal cells predominate 

\t the time of parturition various hormonal and other relationships 
probably are necessary to normal birthing and the normal initiation of 
lactation 
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The most important part of the replacement program begins before 
the calf IS born Expectant mothers in the herd need rest, attention, and 
special feeds Most growth by the unborn animal occurs during the last 
two months of pregnancy Therefore all lactating cows should be dried off 
and heifers calving for the first time should begin to receive special attention 
two months before the expected calving date The dry cows and pregnant 
heifers should be fed all the good quality leafy roughage they want during 
this period Palatable bulky concentrates containing sufficient proteins 
to insure the requirements of the mother and calf should be supplied The 
amount of concentrates must be adjusted often enough to keep the mother 
on feed and in a thrifty but not fat condition Care should be taken to 
include sufficient mineral matter in the ration A few days before calving 
It helps to increase the bulkmess of the feed by adding wheat bran High 
energy ingredients such as corn or citrus pulp can be included also during 
this time Although prepartum feeding practices can vary considerably, 
most cows should be on full feed and m a vigorous condition at calving 
time 


THE CALF AT BIRTH 

During the winter m cold climates, use of the maternity stall is advisable, 
and clean, well-bedded stalls in a reasonably warm barn help prevent many 
calfhood troubles However, during mild weather a clean, grassy lot or 
small pasture with shade or shelters apart from the other animals is prefer- 
able The maternity facility should be located close to ihe mam building 
so attendants can check often and help during calving if necessary 

As soon as the calf is born, the navel should be disinfected with iodine 
or gentian violet It should not be tied but may be clipped after a few days 
if this seems desirable 

Under most conditions the calf will be on us feet and ready to eat within 
an hour Much infection can be prevented if an attendant cleans the udder 
before the calf nurses 
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Usually the calf should be separated permanently from ns mother after 
the first feeding When maternity bams are used some dairymen prefer 
to leave the calf with the cow during the colostral period Although this 
saves labor it could waste colostrum and cause more distress to the cow 
and the calf than if the separation had occurred on the day of birth 

Occasionally it is necessary to remove membranes or mucus from the 
calf s nasal passages (Figure 14 1) Even then some calves do not begin 
breathing spontaneously and artificial respiration may be necessary This 
IS accomplished by laying the calf on its side and depressing and releasing 
the ribs rhythmically at three second intervals A few minutes of this 
generally starts normal breathing 


which could ob^rrulMl^Toiri* 'overed with a membrane 

quickly removed ^ and smother the animal if not 


“ l'"" Turkish rowels are .he 

ncwb™r“!,l s dT “■■■= The mucus wh.ch corers a 

bags or .m<K..h clo^s u?ul'.rr'e's„hs f 

-alarouod O, course es In .h,s 
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DETERMINING WHETHER TO RAISE 
OR BUY REPLACEMENTS 

A breeding program in which offspring are at least equal to their dams 
IS the only practical means of maintaining high quality m good herds and of 
improving average herds 

Artificial insemination with preserved semen has made superior sires a - 
most universally available The average production m most (though ol 
course not all) herds where all replacements are purchase as not 
changed materially during the last 20 years, yet some commercial dairy- 
men continue buying rather than raising replacements The reason usua y 
given for lack of a breeding program is, ‘Tt costs more to raise 
than to buy springing heifers just prior to the season uring w ic 

demand for milk is the greatest ” , r u u o 

That statement is true under some circumstances, ut i it ^ ^ 

sistently, no one could afford to raise calves, and soon there wou e n 
place to purchase replacements 


Cost of Raising Calves 

To serve as a guide, the data in Table 14-1 were collected °ver seven 
years from the Jersey herd at the Florida Agricultural Sta- 

tion Under these conditions the cost of raising heifers from birth to 


Table 14 1 


Feed ond Lobor Used ond Estimoted Cost m Dollars of Raising 
Jersey Heifers 


Cost (S) 


From birth through fivp months 

(1) Feed 

(o) Colostrum (45 lbs) . 

(b) Skim milk or milk replacement formula (300 lbs; 

(c) Concentrate feed (284 lbs) 

(d) Hoy (254 lbs) 

(2) Labor 7 man hours (by skilled calf feeder) 

From five months to calving 

(o) Four to 500 days on pasture (average calculated TDN. 
3752 lbs) Cost of fertilirer, seed, machinery, land, 
and farm labor 


(b) Hoy (1110 lbs) 

(c) Concentrates (1200 lbs) 

(2) Monogement, breeding, incidental 


TOTAL 


free 
6 00 
12 00 
500 
14 00 


60 00 
22 00 
40 00 
25 00 
184 00 




In cold climates u often helps to dry the calf Turkish towels are the 
neuu!rn"'u mucus which co^ers a 

haa« ^ *u to remove and attempts to dry calves with old feed 

JInaUrZH nf ■" '«»= more than mov.ng the ma 

Hof, course even this helps by stimulating the calf s circula 
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DETERMINING WHETHER TO RAISE 
OR BUY REPLACEMENTS 

A breeding program m which offspring are at least equal to thei 
IS the only practical means of maintaining high quality in good herds and 

'TrficiarmleTinaTmn with preserved semen has made 

most universally available The average production in -- 

course not all) herds where “‘' f^P‘^“"“y^j“^"„nLmercialdairy- 

r^^^urCn rhl'titiLg^^ "^rreTafvel 

^ ° ^ .e “Tt rosts more to raise caivcs 

given for lack of a breeding program , 

than to buy springing heifers just prior 

demand for milk is the greatest ” . t I j 

That statement is true under some would b no 

sistently, no one could afford to raise calves, and soon there w 

place to purchase replacements 

Cost of Raising Caivos 

To serve as a guide, the data in Agricultural Experiment Sta- 

years from the Jersey herd at the F 
tion Under these conditions the cost of raising nei 

.. J J Po.maled Cost in Dollars of Raising 
Table 14-1 Feed and Labor Used and Estimal 

Jersey Heifers 


From birth through fivp months 

(1) Feed 

(a) Colostrum {45 lbs) , .««« \ 

(b) Skim milk or milk replocemen. formelo (300 lbs) 

(c) Concentrate feed (284 lbs) 

(d) Hoy {254 lbs) If / j \ 

(2) Labor 7 man hours (by skilled coU fee er 
From five months to colving 

ond form lobor 

(b) Hay (1110 lbs) 

(c) Concentrates (1200 lbs) 

(2) Monagement, breeding, incidenlol 

TOTAL 
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calvmg %vas S!84 00 The monctar> eialuanon w.ll change, but ihc data 
retauie to feed and labor should be rcprcsentatit e of typical dairy 
replacement operations for an indefinite time 

The value of ihcse heifers teas considerably more than Ihcir cost r 

tually the cost was less than the price for heifers of unknown breeding 

during the same period , . . r 

Feed cost, where ha> and silage supphed most of the leafy roughag , 
was somewhat higher Under these conditions at the Ohio Station, teca 
cost alone was S168 00 for small breeds ‘ 


Expenses Other Than the Original Price 

There are expenses other than the original price for purchased replace- 
ments 

(1) A 60 day (preferably 90 day) isolation period is desirable for all new 
cattle to reduce the possibility of bringing disease into the herd 

(2) If the animals have been moved long distances, often a penod o 
several months is necessary for them to become acclimatized, or to recover 
from the trip 

(3) The purchase of heifers usually requires a large cash outlay The 
cost of raising replacements, on the oiher hand, is spread over a period of 
two years However, m raising heifers, interest on capital is encumbered 
for considerable time before any return is realized 

(4) Home raised heifers usually are healthier than imported ones Thus, 
veterinary costs are likely to be lower m a home raised herd 

The feeding and management of purchased replacements may have been 
the best, but any dairyman who purchases replacements as a routine part 
of his business sometimes may obtain heifers which have not had proper 
care Replacement stock docs not have to be pampered Nutritional de- 
ficiencies can occur, however without changing the appearance of the 
animals This may result m subnormal production, inefficient reproduc- 
tion, and shortened lives 

Superior health in home raised heifers is indicated by results of various 
surveys In Connecticut home raised cows stayed in milking herds an 
average of 4 0 years compared to 2 6 years for purchased replacements 
In Florida, the differences were more pronounced 4 8 years for home 
raised and 2 5 to 3 0 years for purchased replacements ' 

A recent survey of New Hampshire dames showed the opposite trend, 
however Under these conditions the average age of disposal for nondairy 
purpose for purchased cows was 7 06 years, compared to 5 74 for raised 
cattle Apparently these cattle were purchased in small numbers and were 
selected carefully after having shown themselves to be vigorous producers 
In the large commercial herds around large cities, particularly in the south, 
springing heifers are purchased by the truckload without an investigation of 
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background, and this may account for some of the discrepancy An exten- 
sive economic analysis indicated that dames m this New Hampshire area 
could best use available labor and feed to increase the number of cows 
and to purchase replacements as needed ® 

Dairymen in such areas can maintain a breeding program by contracting 
their replacement raising with people who specialize in this phase of dairy 
mg Thus many of Florida’s calves arc shipped to Tennessee Wisconsin 
and Minnesota dairymen supply calves to many areas where raising them is 
not practical Legislation has been enacted in some states to govern t is 


important new business 

Obviously, many dairies could increase production permanent y y 
improving herd quality through a constructive breeding program ore 
over, m the long run such a program would be cheaper than any ot er 


method , 

One reason that some dairymen do not raise their own replacements a 
that purchased heifers are so expensive is the high mortality o young 
calves Despite the efforts of researchers and managers to reduce call 
losses, an average of 34 per cent of heifer calves still fail to enter milk g 
herds 


FACTORS IN CALF MORTALITY 

Most calf mortaltiy seems (o be connected m part with failure to consider pnn- 
otples of the natural processes In nature, all mammals nurse 'h'f 
until solid feeds can be consumed in quantities sufficient to maintain nor- 
mal growth Young mammals are born with little protection 
Colostrum (the first milk produced when a cow freshens) “nmms anti 
bodies which help protect the newborn calf against many ° 

bacteria As animals become older, their bodies develop an ibod^s grad^- 
ually Thus they outgrow their need for antibodies in t 
antibodies are formed as the result of bacterial invasions, and hence they 

are not present to combat the first attack . i, ji ^„,m’t 

Since the cow is protected by antibodies (and they are in her blood) why^doesn I 
she pass this protection along with nutrients to the calf efare i is orn 
antibodies are associated with gamma globulins 

are too big to pass through the fetal membranes) ence e _ jm-jd 

able to bacterial invasion until antibodies can be acquired 
within Its body This problem is solved partially by ‘he fac 
milk (colostrum) contains a high concentration of antibodies 

Value of Colostrum 

In addition to us content of antibodies against many 
which the cow has contacted in her lifetime, colostrum has other espccnlly 
valuable properties 
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11) It IS high m solids, it contains as much as 27 per cent dry matter, 
compared to an average of 1 3 per cent m milk which is produced later 
m lactation 

(2) Colostrum contains a large quantity of Vitamin A, and most calves are 
born vv ith a deficiency of this nutrient 

(3) The first milk is ver> high m protein, the kind of protein which is 
especially needed by young animals 

(4) It IS laxative and stimulates activity of the digestive tract 

Colostrum, as such, usually is produced for only 2 to 4 days, and the 
main antibody content seems to decrease rapidly following the second day 


PROTECTIVE FUNCTIONS OF THE UDDER 

Since at least two weeks apparently arc required for the young calf to 
become immunized, how does nature take care of this rather alarmingly 
long period between colostral antibodies and naturally acquired bacterial 
antibodies m the body’ Workers at the University of Minnesota have 
found that the cow’s mammary gland produces antibodies against bacteria 
which contact it This reaction occurs within a few hours Thus it 
seems likely that a calf, after contacting bacteria, nurses its mother and 
puis a sample of the organisms it has contacted into the udder At the next 
nursing period, the milk will contain a high concentration of antibodies 
against juu those particular organisms 

Tlie \linnesota workers purposely infected the udders of special cows with 
organisms which cause most calf losses The milk from these cows was 
dried without destroying the antibodies and included in milk replacement 
formulas where it prevented disease 

It appears that gamma globulin, as such, can be absorbed directly into 
the blood stream for only a few hours after birth ” Bovine gamma globulin 
apparently is not absorbed by humans either ' How milk-borne antibodies 
benefit older calves is not clear Perhaps they protect the calf from bac- 
terial invasions via the digestive tract In any event dietary antibodies 
seem effective in reducing calf mortality Thus a practical answer to many 
calf health problems would seem to be right on the farm Most cows pro- 
duce considerably more colostrum than their calves can use at the time 


METHOD OF USING COLOSTRUM 

Colostrum is valuable feed, and good herdsmen feed the surplus to the 
older calves Fhc usual plan is to stan each feeding with the youngest 
animals feeding the oldest ones last Thus the newborn calves always 
receive colostrum and most of them get some colostrum for the first two 
v*ceks This is a good system, by the time colostrum is no longer avail- 
a »c the calf probably has become immunized by contact with the most 
serious disease organisms 
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A better system, however, which requires somewhat more labor, is to 
stretch the colostrum by diluting it with an equal volume of skim milk or a 
liquid milk replacement formula Thus, colostrum alone is fed for only 
four days which is the usual coiostral period After that, a mixture of half 
colostrum and half skim milk is used The composition of colostrum 
changes rapidly after the first day, but usually the milk is not normal nor 
saleable until the fifth day The term “colostrum” as used here refers lo a 
blend of the first four days* milk Data accumulated for five years at the 
Florida Station show that average production of colostrum, considered in 
this way, is sufficient to supply all calves for the first three weeks of life 
^Vhere mainly heifer calves are raised, and this applies to many commer- 
cial herds, it is possible for colostrum on a diluted basis to be available 
for 4 to 6 weeks 


ADDITIONAL MILK FEEDING 

Colostrum is a good feed for calves of any age, but calves over three 
weeks of age have no special need for it This is because their bodies have 
manufactured antibodies, the rumen and reticulum have become func- 
tional,’^ and Vitamin A has been acquired 
Digestive upsets and bacterial infections are the most serious threats 
during the early life of the calf Most difficulties associated with the milk 

feeding period can be eliminated by observing a few precautions ^ 

(1) Do not feed more of any milk than 10 per cent of the calfs body 

weight daily This should be given in not less than two feedings 

(2) It seems best to feed liquids at temperatures of 90 to 100 F Cold 
milks alone probably would not be detrimental but accompanied by any 
other irregularity their use could result in serious digestive trouble 

(3) All milk should be fresh Frozen colostrum should not be thawed 
until the day it is to be fed Milk powder to be reconstituted should not be 
mixed with water unitl just before feeding 

(4) Regular feeding hours should be observed If twice a day feeding 
■s praeticed, a 12-hour interval between feedings should be maintained 
when possible 

(5) Keep all utensils for calf feeding clean It is a good idea to sanitize 
them with the same materials used on the milking equipment 

(6) Reduce the feed intake if scours or oilier digestive iroubles occur 
Bring the feed back to normal gradually after the trouble is remedied 

(7) If colostrum is not available or if disease is an ouistanc int, pro i cin. 
>oung calves can be passively immunized by iransfusions of llicir mollicr s 
blood About 100 cc of blood can be taken from either a milk 

mvilar vein with a needle A few drops of a curate sohilion will keep ii 
from cloning '1 he blood is given under the skin of the ca m severa 
places Blood ty jic is no problem when this mclhod is used 
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Types of Polls 

When milk is fed from a nipple pail, as shown in Figure 14-2, it trickles 
through the esophageal groove into the true stomach If an open pail is 
used, the calf is hkely to drink in large swallows vvhich may force the 
esophageal groove open, causing milk to spill into the rumen There it is 
likely to putrefy if the calves are less than three weeks old because the 
rumen of younger calves does not contain the enzymes which digest milk 
Thus, harmful putrefactive end products are produced and may cause 
scours or even death 

The calPs stomach develops rapidly Although nipple pails are desir- 
able for feeding milk to newborn calves, there is no point m continuing 
this practice after the calves are three weeks olds TTie entire stomach 
begins functioning by then, and thus if some milk does get into the rumen, 
such decomposition products as arc formed are not likely to be harmful 


VVeanmg 

Al tikal age can milk feeding be elimtnaUd safely^ There is no simple answer 
Various systems include vveaning at ages of four days to six months 
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Fermentation is well established m the rumen of calves at three weeks of 
age if solid feed has been available Thus after this time they should re- 
main healthy and grow on good hay and concentrate feeds alone Some 
calves much younger than three weeks can subsist on solid feeds Three 
weeks appears to be the minimum age at which adequate growth on hay 
and concentrates can be expected to occur routinely, however 
Since use of the open pail is permissible for feeding liquids to calves 
over three weeks of age, many managers use some milk until the calf is two 
months old or has doubled its birth weight After this, feeding milk prob- 
ably should be discontinued to encourage full use of solid feeds Various 
systems for feeding young calves are exhibited m Table 14-2 

Liberal Milk Method 

Sometimes market conditions leave the dairyman with surplus milk 
which often can be utilized better by feeding it to calves than by selling 
at manufacturing prices Maximum growth can be obtained by this 
method The advantages of the extended colostrol system still applies, 
but whole milk is used rather than replacement formulas or reconstituted 
skim milk 

Limited Whole Milk 

Some dairymen prefer to use only whole milk, but do not have liberal 
quantities Because of this, dry feed can be allowed to make up a larger 
and larger share of the feed as shown in Table 14-3 The maximum time 
which should be allowed to achieve complcie substitution is seven weeks, 
although frequently solids can be substituted entirely at three to four 
weeks of age Where the limited whole milk system is used, a calf starter 
which IS high in protein is desirable As milk is withdrawn, most calves 
consume increasing quantities of the starter mixture 

For all systems, however, hay and some type of concentrate feed should 
never be delayed beyond three weeks of age, and it can be started at any 
time Some calves will begin nibbling at concentrates or hay during the 
first week (Figure 14-3 ) All four parts of the stomach usually arc func- 
tioning when the calf is three weeks old 

Hay for calves must be of high quality for several reasons (I) Good 
quality liay is likely to be palatable and thus it encourages young calves 
to begin consuming solid feeds at an early age (Of course, poor quality 
hay also may be p ilainbic, particularly if caramclizaiton has occurred) 

(2) 1 he protein needs of grov« mg animals arc rchiivciy high, bright, clean' 
smelling hay is likely to contain more proicm than is found m bleached, 
musty hav (3) Vitamin A precursors arc associaicd vsiih green color 

Generally, concentrate feed* for calves .arc high m protein and low m 
liber hmcc u is known that the rumen is completed funclional ai il>oui 
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Table 14 3 Limited Whole Milk Feeding Plan for Raising 
Dairy Calves (after calf has been left with dam 
for 3 days) 


Waek 

Milk dail^ (lbs per 100 
lbs birth weight of calf) 

1 

8 

2 

9 

3 

10 

4 

9 

5 

7 

6 

6 

7 

4 

Thereafter 

No Milk 


the time that solid feeds are first consumed in significant quantities, the 
fiber content need not be particularly low Experience over a two-year 
period at the Florida Station showed that a concentrate ration containing 
14 per cent fiber was at least as good for young calves as a complex calf 
meal containing only 6 per cent fiber Any good cow feed should be 
adequate for young calves which also are fed milk (including diluted colo- 
strum) and good quality hay 

HOUSING AND MANAGEMENT 

Housing for calves need not be elaborate, but must meet these condi- 
tions (1) The surroundings of young calves must be clean and dry (2) 
Young calves should be confined to individual pens (Figure 14-3) Where 
this cannot be done, they must be divided into groups of about the same 
age Individual stalls may be used in group pens, as in Figure 14-4 
This system offers many advantages labor-wise, since automated systems 
adapt easily to group handling (3) Cold air is not detrimental but drafts 
and wet quarters cannot be tolerated (4) The area in which solid feeds 
arc offered must be protected from ram 

Portable Pens 

Portable pens (sec Figure 14-5) with one end closed on three sides arc 
becoming popular because they offer an incxpensnc means of providing 
the above conditions These pens arc placed on clean permanent pastures 
which liavc been established long enough to develop thick sod which serves 
as bedding for >oung calves The pens arc moved frequently to clean 
ground It is preferable to move poriiblc units uphill to prevent rccon- 
tamination from previous sites In the northern hemisphere during the 
summer and fall months, the enclosed part of the pen is pointed west be- 
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cause the most uncomfortable rays of the sun come from that direction. In 
the winter months, warm sun rays slant in mainly from the south, and thus 
the open part is pointed south to catch the warmth of the sun. The closed 
end then is on the north side from which cold winds are most likely to blow. 


Figure 14*5. Individual pens with dralMree enclosure of metal rooflrig 
and plastic treated wire. 

Although many dairymen in northern sections find closed barns prefer- 
able, elaborate housing is never necessary. Calves kept in open pens in 
Bulgaria where temperatures reached — I0.3*F were healthier than com- 
parable calves kept in closed stall barns. 

Before calves leave the individual pens, they should be dehorned and 
marked for identification, and any extra teats should be removed. 


Dehorning 

Dehorning may be done by various methods: (1) The horns can be re- 
moved surgically using special spoons, tubes, or scoops. (2) Chemical de- 
horners containing caustic substances and a pliable film may be painted on. 
(3) Electric dehorners which work by heat also arc becoming popular (Fig- 
ure 14-6). The latter two methods kill cells around the base of the horn. 
All three methods arc clTccihc and accomplished easily when calves arc in 
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the preueantng stage Older ammals arc more difficult to dehorn (Figure 
14 7) 

Idenfificahon , _ _ i < a ,c 

Tattooing between the large \cins of the ear as shown in Figure 
the most reliable method of identification It is a good idea to be consistent 
m putting the herd number at cither the top or bottom leaving one part lor 
ihevetennanan to record dates and immunization when he vaccinates 
against brucellosis and blackleg when heifers arc about six months of age 
Sometimes it is desirable to use ear tags for identification until the calves 
are old enough for vaccination By this time the car has thickened consid 
erably and a permanent tattoo is much easier to accomplish than with the 
ver^ ^oung calves 

Extra Teats 

Extra teals occur in about 40 per cent of all heifers \fost of these arc 
behind the normal teats As soon as it is possible to distinguish between 
normal and extra teats the extra ones can be removed easily with surgical 
scissors (Figure 14 9) 


TURNING CALVES OUT 

Generally calves are kept off pasture until they are six months old Since 
the entire digestive system u functional at less than one month of age how 
ever there is no scientific basis other than parasite control for this usual 
recommendation This likewise seldom is a problem when pastures arc 
rotated frequently and other feeding and management practices are ade 
quate ** 

Clean water must be provided Swamps ponds sloughs and any other 
source of stagnant water must be eliminated or fenced off Overstocking 
pastures is one of the most senous mistakes The grazing areas should be 
relatively small so that the vegetation can be grazed down in a few days 
and the animals moved to a fresh area 

Calves should be segregated into age groups for parasite control as well 
as for other managcmental practices 

Rotation periods of six months or less materially help parasite control 
and a year of nongrazing will almost completely eliminate the causative 
larva Rotation of pastures with horses or pigs is another approved means 
of eliminating cattle parasites 

Calves should never graze with mature animals Feed bunks should be 
provided m all calf pens Feeds picked up from the ground are likely to be 
infested 

Calves m New Zealand are reported to thnve on pasture when only two 
weeks old* English workers show«i that nine weeks-old calves digested 


RAISING VEAL CALVES 


211 


high quality forage as well as it was digested by mature cows ” Moreover, 
these workers raised calves on pasture from the age of one week, and the 
pasture-raised calves were fully as healthy as comparable barn-raised an- 
imals Whole milk was supplied through six weeks of age It should be 
mentioned that excellent pasture is necessary for the success of this system 
Otherwise, gram and/or good quality hay are necessary 
Where pastures are kept in the best stage by a succession of highly fertil- 
ized annuals, milk may be eliminated after the colostral period Louisiana 
workers,^ raised Holsteins to 24 months for $65 74 and Jerseys for S60 14 
This compared to $199 01 and $180 69 for similar heifers started in the 
barn and raised on grain in addition to hay, silage, and pasture Under the 
conditions reported, the pasture-raised animals grew faster, had less diges- 
tive and parasite troubles, and looked better 

Unless ideal pasture conditions are assured this would seem to be a 
system to approach with caution, but certainly not one to ignore 
There seems to be no single answer to the question of the age at which 
calves can begin to utilize pastures It is evident, however, that green feeds 
are consumed in significant quantities at a much earlier age than was 
thought previously In fact, workers at the Kansas Experiment Station have 
shown that green feeds are especially valuable for very young calves * They 
found that grass juice stimulated growth as much as various chemical and 
antibiotic growth promotants did 


RAISING VEAL CALVES 

Generally, there is little point in raising any grade bull calves or the ma- 
jority of purebred males to maturity The easiest way to dispose of them 
profitably may be as veal, which usually commands a good price But it is 
costly to produce because it involves use of large amounts of milk Produc- 
tion of first-class veal is accomplished with very limited amounts of solid 
feeds 

The veal calf which brings the top price is one weighing about 200 
pounds The meat must be of fine grain and light color 

The first question that arises is whether the price of \eal is enough to 
compensate adequately for the production costs All previously recom- 
mended systems of veal feeding involved almost exclusive use of whole milk 
This method requires an average of 10 pounds of milk for each pound of 
gain m body weight The cost of raising veal calves is easily computed as 
shown in Fable 14-4 

NVhen 1 ibor and the possibility of losses due to disease and accidents arc 
considered, ii appears that only very large calves can be used fur veal when 
the whole milk system is used unless surplus milk is available 
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Table 14-4 Relation of Birth V/eight fo Cosf of Feeding Veal Calves to 150 
Pojnds 


BiiiSMt 

(Iki) 

Amount e( M tk 
(lb>) 

Volue el Milk 
at $4 00/cwt (S) 

Votua of Cofottrum- 
High Solids Milk 
at $2 SO/ewt ($) 

Value of Veal 
ot $25 00/cwt ($) 

40 

1100 

44 00 

15 18 

37 50 

50 

1000 

40 03 

13 80 

35 00 

60 

900 

36 00 

12 42 

35 00 

70 

800 

32 00 

ll 04 

35 00 

80 

700 

28 00 

9 61 

35 00 

90 

600 

24 00 

8 28 

35 00 

100 

500 

20 00 

690 

35 00 


CaUes raised by the extended colostrum method require much less valu- 
able feed In the case of veal calves an additional feature is suggested They 

are fed according to the usual schedule, 0-4 days, colostrum, 3-21 days, ^ 
colostrum plus skim milk, and thereafter, skim milk The skim milk (or 
calf starter] in this case, is reconstituted to contain 20 per cent whereas 
normal skim milk contains about 10 per cent of air dry solids Calves fed in 
this Sdiay at the Florida Station have grov.n significantly faster than control 
calves fed normally, and have been equally vigorous 
Approximately six pounds of milk per pound of gain in weight are re- 
quired under this system Although less expensive than whole milk, the 

extended colostrum high solids system ts con 
sidcrably higher in nutrients 

skim milk pov^der of animal grade often is 
1 '° figure of S2 30 per 

on this ss I ^ account the labor and refngeratton costs Stnee calves 
hbLr Ln, "I P" “'"age calves, the total 

, rr J'*' ^r meat produced m^nly from 

be us*’ed"(Dr"ca™'t'hc°iah’ rdattvely small calves can 

The extemVH r ^ rcqmrcmen, ts not proh.btttve 
vv lie mtllts above *fic proposed system is essential, other 

milks above 1 3 per cent t„ solids are likely to cause severe scou^ng 

Alter V. HEIFESS AFIEE WEAMING 

teclton from blol mg 'Td’ P"^ 

fie simple y„v gild leaf "Pfi' f'"* ■"“> 

g eaty roughage (preferably lush pasture, although 




Figure 14-10. Replacement calves seek protection from the rain under a 
feeding shelter. (Courtesy U. S. Dept, of Agriculture) 


silage and/or hay are satisfactory) will supply a large part of the nutrient 
requirements Only enough concentrates should be supplied to keep the 
animals growing without getting fat This is the part of the replacement 
program which is most difficult for large dairies close to concentrated popu- 
lation areas because of the space problem For this reason many heifers arc 
grown out m other areas Some dairymen maintain farms for this purpose, 
\shercas others have the replacement heifers raised by contract The con- 
tract replacement business is a good one for farmers away from congested 
areas 

Overfeeding of heifers is possible during at least two periods If 4 to 6 
months old animals arc penned with very young calves, the older calves arc 
likely to overeat by consuming the conccntraics supplied for the young 
calves m addition to their own feed Therefore, replacement stock must be 
kept separated into groups of about the same age at least during their first 
year Sufficient good quality leafy forage to support normal growth, plus 
not more than 4 pounds of contcnlnic feed per hc.id daily is desirable 
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Bcmeen one year of age and calving, if plenty of roughage is available, 
overeating seldom causes digestive troubles However, too much high 
energy feed during this time could cause excessive connective and tatty 
tissue to form in the udders » However, this happens only in heifers which 
acquire excessive body fat Vigorousl> growing heifers with the angular 
conformation charactenstic of fine dairy cattle arc affected less often 1 he 
amount and type of concentrate feed can be adjusted according to appear- 
ance of growing heifers Fine heifers are raised routinely at the Florida 
Station mainly on com silage and cottonseed meal pellets, plus grass, hay, 
and pasture when it is available 

Dunng the last two months before calving, regular herd concentrates are 
likely to be needed The amount should be sufficient to keep the heifer in 
good flesh but not fat High protein concentrates in realistic amounts (4 to 
6 pounds per head daily) often are necessary to condition the heifer for the 
rigors of heavy milk production Properly conditioned heifers are thought 
to have considerably less trouble with retained placentas, milk fever, and 
ketosis than do underfed or excessively fat animals 

BREEDING HEIFERS 

All normal heifers may be bred when they are 1 3 months of age, usually 
earlier if the small breeds weigh as much as 550 pounds and the large ones 
700 pounds or more, provided this weight is not caused by excess fat 

About two months before calving, young heifers should be confined to a 
clean pasture close to the mam farm building where they can be inspected 
frequently During the last month before calving they should be walked 
through the milking parlor or fastened frequently with the herd during 
milking Thus, they will become accustomed to the surroundings and 
activity and will be less nervous dunng the first few milkings During 
this conditioning penod, the udders must be inspected Nlastitis may occur 
just before the first calving Prompt discovery and treatment may increase 
matcnally the whole lifetime production This is a good time also to trim 
hooves and clip the hair at least on the udder and belly 

DAIRY BEEF 

MalecaUcs which do not reach market weight at a favorable time for 
veahng may be fed out and sold as fat steers One should keep in mind, 
owc>cr, that the steer enterpnse could be expensne in both time and feed 
Dairy steers seldom grade higher than standard to good This does not 
mean that they are nc%er profitable When a dairyman has a plentiful 
supply of feed (particularly leafy roughage) and can avoid extra invest- 
ment in buildings, cquipmf m, and labor, steer feeding could be a profitable 
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sideline. However, he must control costs more closely than is necessary in 
feeding beef steers which have a good chance to grade choice. 

It takes over a year in most areas to produce 1000-pound standard-to- 
good-grade steers from the large dairy breeds. Silage, pasture, or hay fed 
free choice, supplemented with 2 pounds of oil meal pellets per head daily, 
usually keeps them growing Legume herbage should be supplemented 
with a small amount of high energy feed such as corn or citrus pulp. 

To make the best use of forage, dairy-beef animals should be wintered 
on hay alone. They will gain little weight, but will be accumulating a 
growth debt. Thus they owe growth which they pay when pasture becomes 
available in the spring. Then they will make up for the slow winter growth. 
During the fall, the steers should be confined and fed heavily on concen- 
trates. During the last three months they should gain 2.5 pounds per head 
daily. 


BULL CALVES 

Bull calves to be raised for breeding purposes should be separated from 
the females as soon as practical after weaning. Their general feeding and 
management will be the same as for the heifers; the object is to keep the 
animals growing as fast as possible without becoming coarse. However, 
bulls will grow somewhat faster and care must be taken to be sure that 
ample feed and mineral supplements are available. 

A light ring of cannon metal should be placed in the nose of bulls by the 
time that they are six months of age When the nose has healed thoroughly, 
it is well to begin handling the bull by the ring. When the animal is a year 
old, the initial ring can be replaced by a heavier one 

The bull must always be handled firmly, since by nature his behavior is 
unpredictable and his strength, tremendous. From the first the bull must 
be considered a potential killer. 

Since several years often are required to pro^e bulls, a sample of their 
olTspring should be secured as soon as possible. Thus very limited service 
after most bulls reach 10 to 12 months of age seems advisable so proofs can 
be completed as soon as possible. 
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BrEEDISG is not a creative science, liCT A SELECTIVE ONE THE 
male goal is a cov. v.hosc geneitc composition is ideal for optimum mil 
production, reproduction longcvii>, body type, cflicicncy of feed utilization 
and other trails that make for ease and economy of production 

Since negative genetic correlations exist between some of these char- 
acteristics i)uld and fal cen ent, for example), the difficulties in developing 
the ideal cov. arc obvious Many complex characteristics of the animal arc 
imoKed— for example. Iced capacity appetite blood sv stem nervous and 
hormonal control, enzyme systems glandular secretions and other meta- 
bolic functions as well as the interactions of all of them 

THE BASIS OF HESEDITY 

The body cells of the bovine, including those which make up the ger* 
minal epithelium of the ovaries and of the seminiferous tubules of the testes, 
contain thirty pairs of chromosomes Specific chemical areas are lined up 
along each chromosome These areas govern ihc form and function of the 
animal and thus arc known as the genes To exert their influence they 
must exist in pairs one member of which is on each of the paired chromo- 
somes Traits for which only two genes arc necessary are known as unit 
characters 

The formation of ova or sperms from the germinal epithelial tissues in- 
cludes meiosis a process by which the cells are split with one member of 
each pair of chromosomes going to each half The products of the matura 
tion {sperms or ova) often arc referred to as sex cells or germ cells This 
designation IS questionable however since they contain only half the orig- 
inal chromosomes Gamete is an accurate term used to desenbe either the 
uncombined sperm or ovum 

The genes necessary for an ideal cow presumably are available Each 
time a gamete is formed however the genetic components are randomly 
assoned so that constant progress in regard to every trait is almost im 
possible Just which chromosome v»iU appear in which sperm or ovum is a 
maucr of chance Thus each tune an ampule of 10 million sperms is used 
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or a natural service occurs, an immense number of different chromosomal 
arrangements is available simultaneously This is one thing which makes 
It possible for a trait to vary in its expression It may even disappear for 
a time and reappear generations later 

This independent assortment of genetic factors in both sperms and eggs 
IS likely to cause very different characteristics in full brothers and sisters, 
full brothers and sisters are considered to be at least 50 per cent related 

Expected Progress 

For these reasons it is very difficult to improve a good herd, whereas 
tremendous progress is possible with mediocre animals Progress in pro- 
ducing ability through genetic improvement probably is limited to about 
l^per cent annually of the producing ability of the cow population in- 
volved To achieve even this percentage, the breeder must concentrate 
upon production, cull the low producers as fast as possible, and use only 
bulls from the highest producing cows 

Thus an animal’s value involves its own performance plus its contribu- 
tion to the genetic makeup of succeeding generations Dairy cattle man- 
agers should understand many basic as well as applied aspects of inheri- 
tance Such knowledge is necessary for planning effective breeding 
programs 


qualitative inheritance 

Qualtlalwe inhenlance involves traits which occur distinctly with no (or 
few) mtermediates Thj5 is in contrast to^i/avWaJwr wJjrrjJanff which also 
will be discussed Qualitative characters are discrete A discrete char- 
acter IS either present or absent m an animal, with no other possibilities 
Thus most beef and dairy breeds are either horned or polled, Shorthorns 
have red, white, or roan coat colors, and Ayrshircs have normal or notched 
ears Other characteristics which may be controlled by a single pair or at 
least a limited number of genes include “crampy’* (neuro-muscular spastic- 
ity) and twinning There are many others ^ 

A number of qualitative characters arc lethal, these include such things 
as bulldog calves, absence of legs, brain hernia and missing leg bones Over 
50 factors for dead or malformed calves arc recognized 

Most undesirable char.icters arc rcccssuc, and thus it is possible for an 
animal to be a carrier without being alTccicd itself The actual genetic 
makeup of an individual is known as its ge»ot}/>e, the appearance or per- 
formance of an individual is known as the p/unolyfie Flius phenol) pe can be 
dehned as tlic outward expression of the genotype Wiih a recessive char- 
acter, an individual ma) appear lo be normal but ma) transmit undesir- 
able characters to us olfspring I his could cause serious trouble if the 
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earner ,s a bull used m an, Real inseminalron s.nce some such ammals 
now so used sire many thousands ofcaKes annually 

Thus m caUes or cows ii is important for all defects suspected of hav- 
mg a genetic origin to be reported Artificial insemination organization 
and the purebred dairy cattle associations arc compiling information a 
fast as possible, pedigree screening for elimination of undesirable qualita- 


tive characters may be possible soon 

When individuals of known genotype (for the characteristic studied) arc 
mated it is possible to predict the frequencies of phenotypes to be ob- 
tained If a black Holstein bull (BB) is mated to red Holstein cows (bb). 
all cahes will be black All caUcs would be heterozygous (Bb), each 
carrying a factor for black and one for red If tw'o of these animals arc 
mated and have enough offspring, there will exist two phenotypes and three 
genotypes The genotypic ratio will be IBB 2Bb Ibb and in appearance 
there will be three black animals to one red With two gene pairs involved 


there would be nine different genotypes and four phenotypes With just 
Id to 20 gene pairs involved, the number of possible genotypes and pheno- 


types becomes fantastically large 


QUANTITATIVE INHERITANCE 

Quaniiiaiive inheniance involves traits which are continuous m nature 
Between the extremes in high and low milk producers some cows are pro- 
ducing at many different levels They do not fall into sharply defined 
groups The simple Mendelian ratios do not appear Although milk 
production and the other quantitative traits definitely are influenced gc 
netically and the mode of inheritance is through the individual gene, so 
many genes and other modifying factors arc involved that an entirely new 
concept of inheritance is required 

The general function IS illustrated in Figure Id I Sixteen possible com 
bmations are possible m the offspring as follows 
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This explanation is oversimplified to make the principle clear Vanous 
complicating factors occur frequently For one thing, there may be a 
large number of genes for the trait concerned 

The number of genetic factors involved in milk production, for example 
has been estimated at between 36 and 100, but many modern geneticists 
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Figure 15-1. Quantitative inheritance of mature body weight. 

feel that the number is probably much larger There is no way to know 
which of these are involved in a given individual’s productive capacity 

HERITABILITY 

The expression of characteristics such as milk yield is influenced con 
siderably by environment Milk production depends on feed, care, genera 
health and the like, as well as the inherent ability of the cow to produce 
Phenotypic variability, therefore, can be divided into two portions, that due 
to inheritance and that due to environment and other factors 
From .he praC.cal standpomt, the breeder ,s m.eres.ed 
of the merit (or mfer.or.ty) of the parents wdl appear m the P"^ ^ 

fraction, or per cent, is known as heritabihty Geneticists " 

this as heritability in the narrow sense Thus a trait which " 

population only because of variations in environment wou ‘ j i _ 
ability of zero On the other hand, if expression of the trait d pended en- 

tircly upon genetic mliucnccs, heritability woul c pcr ccn 

Genetic progress in a population is limited by three factors (a 1 e sc 
lection dilferential, meaning that level at 

be discarded and not allowed to leave olfspring, (b) f 

which IS slow in dairy cattle since they have offspring less often than once 
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carrier is a bull used in aruncial inseminalion, since sonic such animals 
nov. so used sire many thousands of caUcs annually 

Thus m calves or cows it is important for all defects suspected of hav 
ing a genetic origin to be reponed Artificial mscmmation organizations 
and the purebred dairy cattle associations arc compiling information 
fast as possible, pedigree screening for elimination of undesirable qualita- 
tive characters may be possible soon 

When individuals of known genotype (for the characteristic studied) are 
mated, it is possible to predict the frequencies of phenotypes to ° ' 
tamed If a black Holstein bull (Bli) is mated to red Holstein cows (bb), 
all calves will be black All calves would be heterozygous (Bb). each 
carrying a factor for black and one for red If two of these animals arc 
mated and have enough offspring, there will exist two phenotypes and three 
genotypes The genotypic ratio will be IBB 2Bb Ibb, and in appearance 
there will be three black animals to one red With two gene pairs involved, 
there would be nine different genotypes and four phenotypes With just 
la to 20 gene pairs involved, the number of possible genotypes and pheno- 
types becomes fantastically large 


QUANTITATIVE INHERITANCE 


Quantitative inheritance involves traits which arc continuous in nature 
Between the extremes in high and low milk producers some cows are pro- 
ducing at many different levels They do not fall into sharply defined 
groups The simple Mendchan ratios do not appear Although milk 
production and the other quantitative traits definitely arc influenced ge- 
netically, and the mode of inheritance is through the individual gene, so 
many genes and other modifying factors arc involved that an entirely new 
concept of inheritance is required 

The general function is illustrated in Figure 15-1 Sixteen possible com- 
binations are possible in the offspring as follows 
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This explanation is oversimplified to make the principle clear Various 
complicating factors occur frequently For one thing, there may be a 
large number of genes for the trait concerned 

The number of genetic factors involved in milk production, for example, 
has been estimated at between 36 and 100, but many modern geneticists 
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feel that the number .s probably much larger There is no way to know 
which of these are involved in a given individual’s productive capacity 


HERITABILITY 

The expression of characteristics such as milk yield is influenced con- 
siderably by environment Milk production depends on feed, care, general 
health and the like, as well as the inherent ability of the cow to produce 
Phenotypic variability, therefore, can be divided into two portions that due 
to inheritance and that due to environment and other factors 

From the practical standpoint, the breeder is interested in what portion 
of the merit or inferiority) of the parents will appear in the offspring This 
fraction, or per cent, is known as heri.ability Geneticists further describe 
, . . , mrrmvr sense Thus a trail whjch vancs wnhin ihc 

this as hcnnbihiy in the narrow sens*. 

population only because of variations in emironmen would have a hern- 
ability of zero On the other hand, if expression of tint trait depended en- 
, , „ ,„nii.-nccs heritabihty would be 100 per cent 

‘ GL“e‘l“c7rogress in a population is limited by three factors (a) the se- 
lection dilferential, meaning ih i. leec at which inferior individuals can 
be discarded and not .allowed to leave offsprmg (b) the multiplica ion rate, 
whieh IS slow 111 dairy eal.le since they have offspring less often than once 
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annually , and (c) the hcnlab.lity of the characteristic Other thinp being 
equal, the greatest progress can be made with characteristics which are 
most highly heritable 

Average hentabihty estimates for some of the important traits arc snow 
m Table la-l . , 

Effects of hentabihty can be demonstrated easily Suppose in a her 
averaging 10,000 pounds of milk, one uses a sire whose genetic merit under 
the existing environmental conditions also is 10,000 pounds Assume also 
that the belter half of the females average about lOOO pounds more than the 
herd average and the poorer half, 1000 pounds less Daughters of the 
superior half would average less than the dams, their average would he 
somewhere between the average of the dams and the herd average Re- 
alizing that the dam contributes only about one half of the genes present 
m the offspring, and that the same sire is used on all cows in the herd, 
and assuming the heriiabiUiy of milk yield to be 25 per cent, we find that 
about 12^4 per cent of the phenotypic merit of the dams would appear in 
the offspring 

Therefore, daughters of the superior dams would average 10 125 pounds 
of milk, the daughters of the low level dams would average 9875 pounds 
Of the difference of 2000 pounds in phenotypic merit in the dams a dif* 
ference of only 250 pounds appears in the daughters Naturally any im- 
provements m environment provided the daughters over that provided the 
dams will improve the records of all daughters They could conceiveably 


Table 15 1 Kentabihty Estimates oi Some Troits in Cattle 


Trait 

Heritobilily Eslnnete* 

Milk yield (lbs) 

0 20-0 30 

Fot (%) 

0 45-0 55 

Solids not fot (%) 

0 45-0 55 

Protein (%) 

0 50-0 70 

Loctose (%) 

0 50-0 70 

Ash (?S) 

0 40-0 60 

Longevity (years) 

0 00-0 37 

Persistency (^ 

0 10-0 84 

Gestation lengths (months) 

0 30-0 50 

Peak production (lbs) 


Moture size (lbs) 

0 34-0 79 

Finol type score (?5) 


Calving interval (monlbs) 

0 00-0 10 

Service per conception (no ) 

0 00-0 05 

Ihe portion of the chorocteristics of the porents which is 
likely to oppeor m the offspring 
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all average over 10,000 pounds The difference of about 250 pounds be- 
tween daughters of the two groups of dams would still exist, however 

It IS obvious that the contribution that a single superior dam makes to a 
herd through her daughter is small If a son were saved and he m turn 
proved to be superior, the contribution would be considerably grt^ater 
because his offspring could be so numerous The axiom that a sire is half 
the herd is at least as true today as ever Genetic progress m a dairy herd 
can be made to the greatest degree by using sires in which transmission of 
superior qualities has been proven 


RECORDS OF PRODUCTION 

The chance of selecting the superior animal for breeding is better than 
the nature of production inheritance indicates if all available information 
IS used After individuality of the animal is considered its pedigree should 
be studied in full This includes all production records to the third gen- 

u'°seems best to concentrate on selecting for total 305-day lactation 
yield, though persistency and maximum daily yields also are m *^^*®*'® ° 
genetic merit This is because the more factors one selects for, the less 
progress he makes in improving total lactation yie "''mnd'ern 

mherited characteristic is the ability to milk out quickly Under modern 
conditions the cow must receive less individual attention than 
and hence it is becoming difficult to justify the se ection o ‘ 

hard to milk even though their records for breeding, production, and 
reproduction may be outstanding Today’s mechanised milking technique 
and high labor costs make it impractical to use cattle which require special 
attention or have difficulty fitting into a system for mass cow handling 
Many successful breeders feel that total lifetime production is an im- 
portant factor Some bulls which transmit a trait for high productivity 
without proficient reproduction and longevity may get an undeserved repu- 
tation when only the early records of the.r daughters arc considered 
Hence young bulls should be used in a limited way m any individual herd 
In the light of low hentab.lily estimates for reproductive performance 
and longevity, it is difficull to say how much emphasis should be placed on 
lifetime performance In any event, use of the first lactation record alone 
h.is several advantages and practically no disadvantages 

Still another consideration in the evalu-ation of milk production records 
IS environment No animal can produce be>ond its inherited cap.icit>, >c 
poor cnvironmenl will keep good inhcritanec from expressing use f A nun 
whose daughters have given him an outstanding proof possibl> did so uc- 
causc their care and feeding was superior lo dial of their dams 
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EFFECT OF ENVIRONMENT 

A scientific esaluation of the rclamc contnbutions of heredity and en- 
vironment was completed rccentli m New Zealand It involved selection o 

calves from 20 low and from 20 high producing herds All were sired a 

fic.all> by outstanding bulls They were assembled at the Rurakura ex- 
penment station, raised, and milked together for the first lactation 

Under these conditions no significant differences between the produc- 
tion of the two groups was observed They then were sent back to t c 
herds from which they came and there their production was comparable to 
that of the cows with which they were being milked 

They were then returned to Rurakura where again there was no sign 
cant difference in their production These results were confirmed by later 
experiments in which pairs of identical twins were milked at the experi- 
ment station and v%ere divided between high and low herds for other lacta- 
tions 

These data point up the importance of management No matter how 
good the breeding is, a good environment is essential to high production 
This leads to an often discussed problem of which cows to cull It 
been assumed that poor management by placing a ceiling on the possible 
production level caused the differences m ability to be obscured, i c under 
poor conditions coviS of high genetic ment would produce no more than 
herd mates of poor breeding Fortunately, this does not appear to be true 
Probably because so many genetic factors arc involved, under all but the 
most drastic conditions the level of a cow s production will correspond to 
her genetic ment relative to other cows under the same conditions 

COW FAMILIES 

An animal receives about half us inheritance from its dam and about 
half from its sire Because the male sex chromosome has fewer genes than 
the female sex chromosome an animal receives slightly more of its inhen- 
tance from us dam than from its sire This difference is so slight, how- 
ever. for practical purposes we may assume that half of the inhentance 
comes from each parent 

Care must be exercised m selecting both male and female breeding 
stock The importance of the cow side has been emphasized by a study 
covering many years at the Florida Station ‘ Thirty-nmc Jersey cows were 
acquire in 1901 One of these had 181 female descendants in 1 1 genera- 
tions Her family comprised 31 per cent of the herd m 1948 Many large 
lamihcs can be traced to one cow and ihuj the importance of the distaff 
vide IS cmphaiired Ot course only cows basing a reasonable number of 
daughters found families 
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Yet the large number of descendants which are called a cow family may 
have little relation to the original animal or indeed to each other. This 
is because of the diminishing of relationship by one half with each gen- 
eration Hence in the fifth generation, relationship is only 3)^ per cent 
(Figure 15-2). 

The use of sires across an entire herd which includes several cow fam- 
ilies makes it likely that a family will include animals which are less 
closely related to each other than to other animals (such as half sisters) 
vvhich are supposedly in a different cow family. 

Usually the important genetic contribution of a superior cow would 
seem, therefore, to occur through her sons. 

Age, length of each lactation, and the number of times a cow is milked 
each day influence the amount of milk produced. Thus for comparative 
purposes records must be standardized. This can be done by using the 
factors presented m Appendix F. Thus a 365 day record of 800 pounds of 
fat obtained by 4 milkings per day is equal to 675 pounds of fat yield from 
3 milkings per day or 560 on twice daily milkings. Other factors can be 
used to compare these records to others made during standard 305 day 
lactations. Still other factors can be used to convert the records to what 
would be expected of mature cattle The term “mature equivalent” is used 
to describe this standard. 
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SYSTEMS OF BREEDING 


Grading Up 

Grading up (the use of purebred sires on grade herds) is a good means of 
improv mg cattle Poor herds are improved quickly, the degree of progress 
falling off with successive generations The amount of pure breeding m t e 
first generation is aO per cent, m the second To per cent, in the thir , 

87 3 per cent After six top-crosses, the herd is essentially one breed 

Crossbreeding 

It has not been demonstrated adequately that crossbreeding results m 
heterosis in milk producing ability Apparently it can cause heterosis ef- 
fects of as much as 15 to 25 per cent m such characteristics as growth and 
birth weights The wide selection of breeding available through artificial 
insemination has inspired some dairy managers to practice a regular rota- 
tion of breeds for seed stock 

During recent >cars several attempts have been made to produce su- 
perior cattle by crossing Indian and European breeds This usually has 
failed because of the inferiority of the milking qualities of the Indian 
breeds One should keep in mind that cows must produce replacements as 
vvell as milk The safest way to insure good offspring still is to take ad- 
vantage of the progress which already has been made by sticking to an es- 
tablished breed 

Outcrossing 

Outcrossing involves mating animals vMth no common ancestors for five 
or more generations It helps prevent or overcome concentration of un- 
desirable factors when related animals have been used too often 

tnerossmg 

Incrossmg is the crossing of inbred lines The value of this system has 
not been determined adcquatelv but it docs appear to warrant considera- 
tion 

Inbreeding 

Inbrccdmg is ihc maling ol closely related animals This system «ar- 
rants tpectal discussion bccaose leozen semen from bulls vsiih prosed abil- 
ity to transmit desirable characlenslies ts asailable in most areas Thus 
mete IS opponumis lor almost any herd ossner to improsc the quality of 
nil ammals ihroui;h a pro5ram of carefully planned breeding Freezing 
p.esent, ssaste semen not needed shortly after collection ran be sased 
rozen semen from some outstanding bulls has been used for years 
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Breeding of animals which are related usually is discouraged Use of 
frozen semen will help one to obtain semen from desirable bulls not re- 
lated to his herd Yet there is the probabtlity that semen from outstanding 
sires will be available for indefinite periods Dairymen will want to use the 
best semen available even if it has been used in his herd before Thus t e 
question of how to make the best of breeding possibilities and at the same 
time to avoid the possible pitfalls of inbreeding becomes a real problem 
Inbred animals are the offspring of parents which are more closely 
related than the average of the breed Mild inbreeding often is called 
line-breeding Although we consider most animals to be nonrelated all 
individuals m any given species are related to some degree This applies 
especially to breeds in this country, since they all descended from a rela- 
tively small number of imported animals More than half of the American 
Shorthorn pedigree lines can be traced to one bull All purebred Brown 
Swiss cattle in the United States descended from 129 cows and 21 bulls 


This trend is true also for the other breeds 

Each individual has two parents, four grandparents, and so on If 
there were no mating of related animals, in the thirtieth generation each 
individual would have over a billion ancestors A person attempting to 
complete his family tree couldn’t get further back than about 900 A D un- 
less some ancestors appeared more than once because otherwise not much 
longer ago than that he would have had more ancestors than there were 


people on earth 

The fact that all animals within a species are at least slightly related is 
pointed out to show that inbreeding is not completely foreign to our animal 
industries Usually specialists who produce breeding stock purposely prac- 
tice inbreeding or close linebreedmg to intensify desirable traits They are 
careful, however, not to let it go too far because many individuals carry re- 
cessive faults which could result m decreased vigor and deformed calves 


Inbreeding has good points for any practical herd ovv ner Some inbreed- 
ing IS almost necessary if herds are to be uniform Seleetmn for uniformity 
alLst certainly means mild inbreeding Certain individuals will be out- 
standing, and use of related animals is the only wa> to keep the inlluence of 
particularly good animals high enough to be of rea value Each generation 
Led by nonrelated bulls has only half the relationship of the former gener- 
ation Thus the relationship of the herd to an especially desirable indiv idual 
would be only 1 56 per cent after six successive generations if completely 
nonrelated animals were used 

How Inbreeding Is Meosuted. I he measure of the degree lo which an 
animal is inbred is colled the cociriciciil of inbreeding (Cl) For an animal 
to be inbred, at least one ancestor must appear one or more times on both 
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the maternal and paternal sides of the pedigree The formula used most 
often for coefficient of inbreeding is one developed by Sewall Weight 

F. - EKK)”- "'(1 + F.)l 

vihercf. = the coefficient of inbreeding 

n - the number of generations from the sire to the common ancestor 
n' the number of generations from the dam to the common an 
ccstor 

f, = the inbreeding coefficient of the common ancestor 

The dairy cattle manager can calculate the Cl of an animal easily with- 
out imoKing himself with philosophy and mathematics of procedure 

The follovimg directions will result in an accurate calculation of the Cl 
since they have been derived from formulas accepted and used by geneti 
cists From the pedigree of the animal, the number of generations between 
the common ancestors are counted, remembering that the path must go 
from the paternal to maternal side or vice versa 

How to Figure Inbreeding fn Figure la-3, animal A has one common 
ancestor D The pass from D to D involves three other animals (A B, and 
C) Turning to Table 15 2, we find that the Cl for animal A is shown to be 
12 3 per cent These data would go into Wnght’s formula as follows 

F.- (H)*0 +0) - 12a7c 

A more complicated example is given in Figure 13-4 The common an 
ccstor of G IS sire H, and he appears once on the paternal side and twice 
on the maternal side Thus there are two possible passes The first involves 
two animals (G and I) and the second involves three (G I, and J) Turning 

Toble 15*2 Relotion of Generations per 
Post to Cl 


Nwmb*f of Aniraolk 
•n Each Post 

CoeffieionI of 
Inbroodmg 

2 

25 00 

3 

12 50 

4 

625 

5 

3 13 

6 

1 56 


0 78 


0 39 

9 

020 

10 

0 10 

11 

0 05 
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Figure 15-3. An example 
of inbreeding with one 
common ancestor ap« 
pearing once on each side. 



Figure 15-4. An example of inbreed- 
ing wherein the common ancestor 
appears twice on one side and once 
on the other. 
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Figure 15-5. An example 
of inbreeding with two 
common oncestors. 
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So far we have dealt with only one common ancestor, m Figure 
there are two There are two passes possible, one from Q. to Q 
O, N, and P), and one from R to R (also involving O, N, and P) t ro 
Table 1 5*2, we obtain 12 5 plus 12 3 which equals 25 per cent as the Cl or 
animal N Using Wright’s formula, we gel 

(J4)' + m? = 12 5% + 12 5% = 25% 

One additional refinement is necessary if the common ancestor is itse 
mbred For example, if one looks further back in the pedigree of animal 
and finds that Q. is inbred, the Cl for Q is determined in the same way as 
for any other animal Then the Cl for Q. is added to 100 per cent, an 
multiplied by the portion of the inbreeding of animal N which is due to U. 
For example, assume that Q. is 20 per cent inbred Multiply the 12 a por 
cent of the inbreeding of N due to Q (from the pass of Q. to Q) by 120 
percent Thus 12 5% x 120% a 15% The inbreeding of N then is 12 a 
from R plus la from Q or 27 5 The additional calculation corresponds to 
(1 + F,) in Wright’s formula, and the additional inbreeding is calculated 
m the same way when the formula is used 
Stepwise, the Cl is calculated by (a) counting the number of animals m* 
volved in each pass, (b) finding the corresponding value in Table 15*2, (c) 
adding the values from each pass, and (d) correcting for inbreeding of the 
common ancestor if necessary 

What Inbreeding Means from a Practical Standpoint It’s easy enough 
to tell how much inbreeding will result from a proposed mating, but what 
docs It mean’ Other things being equal, one would expect to lose about 
70 pounds of milk per lactation for each per cent of inbreeding Since 
there arc many other variables, however, no definite rule applies uni* 
vcrsally Inbreeding coefficients help, but decisions must be based also on 
a thorough knowledge of the animals and a careful study of the pedigree 
Owners of purebred stock sometimes breed animals as much as 40 per 
cent related Most dairymen probably should continue to avoid anything 
but very mild inbreeding unless there are special reasons (and occasion- 
ally there will be) to do otherwise Inbreeding within the dairy breeds 
to ay probably is between o and 10 per cent and is increasing about 0 1 
per cent annually 

Mating of related animals will result m some undesirable individuals 

fee mg to nonrclated animals quickly overcomes most defects which 

crop out with the desirable attributes when mild inbreeding is used In 
any event careful selection is imperative 


applying principles 

It appears that breeding dairy cattle is 
producers and selecting sires from the best 


OF BREEDING 

largely a matter of culling low 
cows Such selection should be 
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based on the following considerations (a) The ancestry should be studied 
m full, including records of type classification and production (b) All 
records should be considered on the basis of mature equivalent, two-time 
milking for 305 days (c) Proof should be in as large a number of herds as 
possible 

Limited proofs can be misleading since inferior sires can have some good 
daughters and superior sires occasionally have inferior daughters This is 
illustrated by a recent proof of Winterthur Victor Star Zodiac (Table 15-3) 


Table 15-3, Proof of Winterthur Victor Star Zodiac 


Lactation Milk Fat Production 
by Groups of Doughters (lbs) 

Number m 
Groups 

700 

15 

650-699 

21 

600-649 

72 

550-599 

121 

500-549 

207 

450-499 

292 

400-449 

318 

350-399 

295 

300-349 

138 

250-299 

84 

250 

30 


He has 1077 daughters with 1593 records avera^ng 1 1,820 pounds of milk 
containing 3 75 per cent (443 pounds) of fat Thirty o them records are 
under Zslpounds and 15 are over 700 It appears also da-sh'-d- 
differences and the equal parent index arc no better t ian^ simple 
daughter average as indicators of the sire’s transmiumg ability 

rT ° a, host on the basis of herd males productivity 

Comparison may ^= *"^ 3 . 0 ^^ daughters with animals in the 
Thus sires are appraised dV r°mpanng b ^ freshening 

same herds which are similnr witn r j » . « ,i 

dates, and age Selection of sires m artificial inscmmauon can be done with 
more confidence by tins than b> any other method The Ix-rd-ma.e com- 
I ^ f,.rihprrcrincmcm for use in Single herds (d) Some 

parison principle needs further rc ^ 

Imebreeding in herd sires is dcsiraoie w 

Type should be considered also, though mos. recem studies show .hat it 

has htilc relation to production i t t . r „ 

Hence .1 seems that the most rapid progress can be made b> selecting for 
, If one il>» 'V. 11 US to select for l>pc. he must expect 

w :prmeme,i. according .0 recent U S O A hndmgs > 

These principles ,...se been denums.r .led successful^ ... 11 msu.ul.ona 
herds in Nor.h Carol,.... 1 he program msolses ma.n.enance of four 
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HE BREEDING PROGRAM 


proved sires to which In per cent of all cows are mated The ot e 
per cent are used m proving young bulls Changes in milk pro action 
over the years is shown in Table la 4 Improvement in environment par 
tially owing to interest in the program has doubtless been responsible or 
a good portion of the improvement Separation of genetic and environmen 
tal effects has not been reported as yet 


Tobie 15 4 Effects of Using Proved Bulls in the Inshtuf onol Herds of Nort 
Carolina on Records Compared as Mature Equivolent 305 day 
loctat ons w lh Twice Doily M Ik ng 


Year ol 
Freshen ng 

Number o( 
Record* 

M Ik (lbs) 

Fo* (%) 

Fot (lbs) 

1949 

343 

10 558 

3 46 

366 

1950 

554 

10 971 

3 49 

382 

1951 

530 

11 196 

3 51 

391 

1952 

522 

11715 

3 45 

403 

1953 

517 

12 266 

3 48 

427 

1954 

588 

13 035 

3 52 

457 

1955 

577 

13 156 

3 56 

466 

1956 

600 

13 668 

3 52 

480 

1957 

604 

14 135 

3 54 

500 

1958 

630 

14 600 

3 63 

530 


Tobie 15 5 Effect on Product on of Herd if All Daughters of Cows Thot Pro 
duced Less Than 400 Pounds of M Ik Fat Had Been Discarded* 



Whole 

Herd 

Ra 

ted Herd 

D Bcorded Herd* 



Aee Mlk 





General on 

Number 

Fot Y eld 

Number 



Fat Y eld 



(lbs) 


(lbs) 


(lbs) 

lit 

35 

535 

34 

535 

1 

534 

2nd 

36 

555 

34 

555 

2 

555 

3rd 

51 

606 

45 

613 


558 


71 

673 

62 

677 


645 


67 

696 

59 

702 


653 


71 

698 

63 

701 


672 


37 

710 

36 

713 

1 

606 


2d 

720 

21 

726 

2 

649 



656 

354 

653 

37 

631 


pound* of m Ik (ot”' mcestor vdi di produced less thon 400 

••To.ol o( 
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Whether the calves of low producers should be culled right along with 
their dams is a pertinent question. Table 15-5 shows the effects of 
calves from low-producing cows when only proved sires were used. T e 
results showed that the calves which would have been culled produced a - 

most as well as those from the good producers. This suggests t a ^ S°° 

management practice would be to use only proved sires an a ow a 
spring to complete at least one lactation. 




buildings 

AND ALLIED EQUIPMENT 


No AREA OF DAIRY CATIEE MAAACEMEAT HAS A BETTER 

Hon than does the choice and use of housing and cquipme P 

textbook recommendations often are confusing because each 

regain structures are shade shelters and the mtlking 
barn In colder climates more emphasis is needed on insulation hea g, 
\cmilaiion, and facilities for keeping v.otk outside the buddings 
minimum 


PLANNING AND LOCATING THE STRUCTURES 
In planning a dairy layout many decisions must be made Assistance 
can be obtained from commercial field men county agents and other ex 
tension personnel, and from budding contractors Generally a saiisfacto^ 
unit should hate proMSions for comfort comenicnce sanitation, dura iiy 
andattractneness In any event if costly mistakes arc to be avoided, 
points, some of v^hich are included m the following list must be considere 
carefully 

(1) Location of the unit should be as shov>n by Figure 16 1 Drainage 
away from the bam area must be good and the surrounding area should be 
free of dips and other low or swampy spots It is desirable also for t e 
bams and surrounding lois to be protected b> trees Where possible the 
milking facility should be located near the center of the pasture area for 
the obvious saving in work for man and beast 

(2) A constant supplv of pure water is essential 

(3) The size of the herd v%iU help determine the ly pe and size of housing 
and equipment needed 

(4) Climatic factors determine type of ventilation and insulation 
method of sionng feed and bedding and type of building materials 

(3) Young stock may be housed in the same building as cows or m 
separate structures 

(6) Type of bam equipment to be installed will be determined by the 
type of building and personal preference 
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aiouBd ih. .am buddings This is due panly lo the huge so.unie of 


t the 
) the 


;metrhtndler(“orm GeueeaUy, labor lO 

r/lm oftnatenalseanbesasedby ^cfcUo.iugsu^ tm. 

(1) W hen possible, let the covs go to the facility lor sets, 

rather than taking It to them Houeser, auto- 

(2) Handle large amounts rather than snmll batch j o„es, 

matic machines can be of smaller eapacny than ^ 

since their running doesn’t require constant attentton , 

can be done at night sshen personnel and animals arc out ^ J ^ 

(3) Make the flow continuous by augers, elevators, etc 
matcnal stop then have to be lifted or loaded again before it gets 
place at which it v^iU be used 

(4) Bale, chop, grind, pellet, shell, or do whatever is be 

the matcnal occupy less space and flow easily Concentrate fee s 
purchased and stored m bulk when possible 

How much one can afford to spend on labor-sav mg devices is an 
vidual matter A good rule of thumb for present conditions states 
each S2000 properly invested reduces the labor load by 10 per ce 
Pnccs of farm equipment have increased in ihc last 20 >ea » 

but during the same lime, labor costs have increased a-fold 

In new stniciurcs, one should consider stonng hay as pellets, . 

small bales These forms of roughage require as htile as one third o 
storage space used for loose hay, but the storage structure must be strongc 
if pellets, wafers, or small bales are used The advantage is that such roug 
ages can be moved from the field to the bin and from there to the fee mg 
facility by a mechanized chain of operations 

New buildings in this era of change should be flexible in design Present 
methods of feeding or storage and handling of materials are sure to be im 
proved, but ihe kind and extent of future mccharuzaiion cannot be pre- 
determined accurately Hence buildings with movable partitions 
equipment are practical 


and 


Construction which permits the use of manure loaders, tractors 


ith 


blades and scoops water pressure, or electnc power for cleaning is sensible 
Smooth floors and walls which can stand frequent applications of cleaning 
agents also arc a help to sanitation and the conservation of labor 

Some of the most important points to be considered in planning for ef- 
ficiency of labor arc the arrangements for feeding, watering bedding, atn- 
mal housing handling of milk, and cleaning of the barn and equipment 
Also imponani arc the locations of the milk room feed bins, feed-moemg 
equipment silos water unks hay chutes, driveways, feed alleys, doors 
and windows 

Greater convenience means that milk output per man hour will increase 
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It IS Significant that an hour saved daily is equivalent to a month’s work 
per year Yet the economic importance of individual attention to dairy 
cattle must be considered Each manager must make his own analysis To 
what use will the saved labor be put^ He must find a market for it 
through more cows or other enterprises It may be possible to automate to 
the point that financial saving is neutralized by inefficient production, 
stemming from the inability to utilize new potential quickly and effectively 


STORAGE SPACE 

Regardless of the type of operation, a considerable store of materials 
must be maintained The most important of these from the standpoint of 
planning are feed and bedding Of course, this is an individual problem, 
and storage requirements vary 

The amount of bedding per cow depends upon the length of the bedding 
period, type of barn and equipment, and the system of management For 
most operations, 5 to 6 pounds per head daily are required for either stall 
or loose barns based on 60 square feet of bedded area per cow However, if 
droppings are not removed daily, about 2 more pounds of bedding will be 
needed each day 

When the requirements for feed and bedding have been determined, the 
space requirement can be calculated using data like those in Tables 16-1, 
16-2, 16-3, and 16-4 


Table 16-1 Minimal Amounts of Straw Bedding for Loose and 
Conventional Housing' 


Breed 

Bedded Area 
per Cow 

(sq ft) 

Droppinss 

Removed 

Doily? 

Minitnal Doily Strow 
Requiremenis 
(Ibs/cow) 


Loose Housing 


Ayrshire 

60 

yes 

5 


60 

no 

7 


50 

yes 

6 

Guernsey 

60 

yes 

6 


60 

no 

8 


50 

yes 

6-8 


Convenfiono/ Housing 


Guernsey 

- 

- 

5 

Ayrshire 

- 

- 

6 



buiidimgs and auied equipment 

Toble 16-2 Anorox.mole Hay RequiremenK per lOOO-pound Cow 


Hay alone 


Hoy and siloge * 


Feeding Period 
(doys) 


210 

175 

120 

210 

175 

120 


Amount of Hay 


Per day 
(tbs) 


Totol 

(lbs) 


25 

25 

25 

15 

15 

IS 


5250 

4375 

3000 

3150 

2625 

1800 


*Hay requirements will be lower if cows gel oil they wont of to[>*quol**)^ silofl 


Toble 16-3 


ApproKimate Concentrote Requirements 


for Cow in Lactation* 


Feeding Rote 


Milk Production 


Per Ooy PerYeor** 

(lbs) (lbs) 


Totol Concentrote 
Requirements 

(lbs) 


1 lb of Concentrote to 

3 lbs of Milk 

20 6000 2000 

25 7500 2500 

30 9000 3000 

40 12,000 4000 

1 lb of Concentrote to 

4 lbs of Milk 

20 6000 1500 

25 7500 1875 

30 9000 2250 

^ 12,000 3000 

•If hi^ quolify roughages are self fed, concentrote requirements wiU be 
reduced considerably 

"Loctotion period of 300 days 


IIGHTING THE BARN 

\losl Grade A matkcli haic minimum requirements for lighting and 
there IS no reason to have a questionable amount of window area, since 
usually It costs htilc or no more than solid vails Windows in the milkmS 
barn ordinarily include 1/12 as much area as the floor of the milking barn 
and vindovs in the milk rooms 1/10 the areas of their floors The vindow 
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Table 16 4 Approximate Storage Space Required for Cottle Feeds, Bedding 
ond Cleaning iMafenals 


Type of Material and Form 

Approximate Storage Space 
Required per Ton (cu ft) 


Moximum Minimum 

Loose Hay 

Shallow mows 

575 

450 

Deep mows 

450 

400 

Baled hay 

Loose bales 

300 

250 

Tight boles 

200 

135 

Chopped hay 

Long cut (2 inches or more) 

360 

250 

Short cut (less than 2 H inches) 

250 

200 

Silage 

25 ft in depth 

50 

44 

35 ft in depth 

44 

40 

Small grain (shelled corn, wheat, borley, 

cowpeas, rye, milo, kaffir, corn, etc) 

55 

40 

Oats 

80 

70 

Mixed concentrates 

40 

— 

Straw 

Loose 

550 

500 

Ordinary bales 

300 

250 

Baled wood shavings 

100 

— 

Lime 

31 

— 

Ground phosphate 

27 

— 


space of the service area wjJi depend on the design of the structures and 
personal preference 

Placing the windows as close as possible to the ceiling will admit sun 
rays for a longer period each day and eliminate some breakage To be ef- 
fective, windows must be clean and free of obstructions In many southern 
milking barns the entire upper half is open, assuring adequate use of sun 
radiation and eliminating the need for washing windows 

Electric light generally is provided through the use of incandescent 
bulbs However, fluorescent lamps are satisfactory in any barn where the 
temperatures remain above freezing At freezing temperatures, fluorescent 
lights often are difficult to start As compared to incandescent lighting, 
fluorescent lighting provides about three times as much light per watt, but 
the initial and replacement costs of fluorescent tubes are greater 

Lights should be located where they won t be broken easily, yet away 
from beams or other obstacles that might cause shadows All lighting 




BUttBINOS AND AlllED EQUIPHENI 


fixtures should be located out of the reach of caltlc They tote 

to try eattng them Apart from the danger from gla«, the e ec h 

canktllacow, particularly when the bedding IS wet The dust fr 

Electric lights placed according to the 


broken fluorescent tubes is toxic 
following suggestions have been found satisfactory 

The use of 100-watt lamps throughout the farm buildings is conven 
and economical, since only one size need be kept on hand for repl^acemen 
Stanchion barns should have a row of 100-watt lights centered over ea 
alley They should be 12 to 15 feet apart over the litter alley {to ^ 

good light at the udder) and 20 to 32 feet apart along the feed a ey 
there are no beams in the vvay, the lights should be 8 to 9 feet above t ^ 
floor An even more efficient use of lamps for milking in center drive 
is provided by staggering the lamps alternately over one edge and then i 
other edge, of the alley 

Milking barns should have the equivalent of one lOO-watt light for 
two or three stalls These may be placed on the wall opposite the stall an 
D to 6 feet above the floor so that they throw good light on the milking area 
If the wall IS too far away or if ceiling lights suit particular structures 
better, the lights may be 7 to ly^ feet above the floor and located above 
the operator’s head 

Lights for milk rooms are especially important The Milk Ordinance 
and Code recommended by the United States Public Health Service calls 
for 10-footcandles of light at all work surfaces One lOO-watt bulb over the 
wash vats and another at the ceiling near the center of the room generally 
will be sufficient 

Loose housing systems also require electric lights Resting or bedded 
areas should have one 100 watt bulb 10 to 14 feet above the floor for each 
1000 square feet of area Feeding area lights should be placed 6 to 9 feet 
above the feed bunks, one lOO-wau bulb for each 23 feet of bunk space 
Upright silos should have two lights, one for the chute and one for the 
silo Both should be within easy reach at the top of the chute ladder 

Horizontal siios require a lOO-watt bulb in a weatherproof reflector R 
should be mounted 12 to 1 3 feet above the silo entrance 

Holding and service yards require large lights One 200-watl lamp »n a 
weathcjroof reflector or a 200.watt floodlamp mounted 15 or more feet 
above the ground is recommended With no obstructions, each light should 
sene 10 to Id thousand square feel of area 

M storage areas need special consideration The light bulbs 

fi t used by a vapor-tight cover in order to reduce the danger o 

nrc Lights should bo placed near possible accident sites like ladders. 
Hay-loft lights should be high However, 
, 1 , ^ when the bam is empty, facilities for replacing 

them must be provided 



MANURE DISPOSAL 


239 


When planning the lighting system, special attention should be given to 
the location of switches One should be able to snap on the light at the 
point of entry to any area 


VENTILATION 

All dairy structures must be ventilated, but this seldom is a problem 
except for barns in which animals are housed most of the time Any barn 
should have ventilation which supplies fresh air in amounts adequate for 
normal animal health This includes control of humidity and temperature, 
prevention of disease transmission, and protection from rot mold, or 
fungus Generally speaking, the barn structures last longer when kept 
dry by proper ventilation Moreover, since undesirable odors breathed in 
by the cows can give milk an undesirable flavor, good ventilation can be 
thought of as contributing to the quality of milk 

Usually two exhaust fans arc recommended The combined exhausting 
capacity should be 100 cubic feet per minute (cfm) per 1000 pounds of 
body weight of the animals 

The reason for using fans is the removal of moisture which the animal 
body gives off in large amounts Since such moisture dissipation is con- 
tinuous, part of the ventilation should be continuous Hence, usually one 
of the fans will run all the time that animals are in the barn One fourth 
of the total exhaust capacity is accounted for by this continuous fan 

A larger fan supplies the other ^ on a demand basis It is controlled by 
a thermostat which cuts in at 40* to 55*F The thermostat should be near 
the center of the barn at a height about even with a cow’s back 

Design of the air inlet system is extremely important It should admit 
an equal amount of air at all parts of the barn The relatively dry fresh 
air from outside should be pulled down the surface of the wails to dry 
them This is accomplished by leaving a continuous one-inch slot at the 
point where the ceihngjoms the walls In older barns the effect can be ac- 
complished by drilling holes \ inches in diameter m the ceiling every 3 to 
4 inches around the inside perimeter of the building Air also is admitted to 
the loft of two story barns, usually by louvers at the gable ends 

The fans should be located so that they do not have to discharge into 
prevailing winds They should be in the warmest part of the barn and 
more than 8 feet from the nearest door Barn fans should have totally en- 
closed motors 


MANURE DISPOSAL 

Manure is a valuable feriilizcr, but getting it from the barn to ihc land 
IS one of the most serious problems on the modern day farm Mechanical 
barn cleaners can take most of ii from closed barns which house catilc 
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continuously Hotsevcr, the trend is totsard the use of svatcr pressure for 
removing manure from parlors or southern milking barns 

Between each shift of cows, the concrete holding areas, barns, . 

are washed out The waste caught m holding tanks is removed frcquenuy^ 
It can be pumped out through pipelines Irrigation pipes as 
inches in diameter will carry liquid manure without clogging t 
to stay in the holding tanks for several hours, however, the manure 
denses somewhat and water must be added to assure adequate 
non For irrigation, liquid manure usually is mixed with about P^r 


si or 

Diaphragm or centrifugal pumps work well unless excessive strav 
other foreign matter is included Under these conditions, hqui manu ^ 
usually is not removed with irrigation equipment It can be put into 
tank trailer or truck easily wuh as little as 1 3 inches of vacuum 

A vacuum gauge should be installed in a place which the operator can 
watch during the filling operations Hence collapse of the tank because 
of a clogged line or other malfunction can be avoided 

A float operated valve should be included to break the vacuum , 
tank fills to capacity Thus the possibility that liquid might be ^ 
into the vacuum pump is eliminated Some modern animal operations dis- 
pose of manure from the barn by washing it into lagoons where it is covcrc 
by several feet of water Bacterial decomposition occurs rapidly without 
causing offensive odors or fly problems 

Generally, most systems employ either stall barn or loose-housing sys 
terns where less confinement is employed In the north, stall barns usually 
have two stones and the second floor is used for feed storage This makes 
use of gravity for feed flow easy, but the cost is considerable because very 
heavy bracing is necessary This has become more of a problem with the 
introduction of pellets and small bales which are considerably heavier than 
equal volumes oflong or chopped forage Many of the newer stall barns are 
of one story structure Feed and other materials can be moved mechan- 
ically m these structures by the use of augers, chains, or buckets in smaller 
amounts, and many are more comeniem than two-story structures 


STALLS 

Stalls generally are one of three mam types stanchion, tie, and comfort 
Stanchions (Figure 16-2) may be connected so that all of the cows on one 
side of the barn can be released together This saves time when several 
shifts of cows arc to be milked, as is customary m warm climates More- 
over one cow at a time can be turned out if desired, and hence under some 
conditions stanchions are popular even though they restrict the cows con- 
siderably more than other types of stalls 
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T.e stalls (Figure 16 3) offer cows considerably more freed 
more labor than do stanchions Each cow must be le 
V, dually with a strap and chain to let cows m and ou Becaus 
offer more freedom lo the cow than do stanchion stalls longer P 

forms are needed with lie stalls et.,rdv steel 

A special type of tie stall is the inverted V stall This has a stu y 
V shaped crossbar located just forward of the shoulder in terms o 
in normal standing position It can be adjusted easily up an 
upnght framevLork and can be tilted forward or back With these a j 
menis the inverted V member can be positioned to allow the cow su cie ^ 
length of platform for normal standing However as she arches t e ae 
and shoulders to urinate or defecate she is forced to stand back n t i 


way the excreta is deposited in the gutter . 

At the bottom of the stall there are no obstructions to the anima s 
movement Thus the cow is comfortable in both the standing and lying po* 
siiion and she can get up and he down easily However the V mem e 
restricts the lateral movement of the animal when in the normal stan mg 


position so that she cannot easily reach into adjoining stalls 
The same effect can be accomplished by the use of electric cow trainers 
Ordinarily they are light metal bars which are attached to a fence con 
troller Electric trainers are adjustable for heighi and hence may be use 
in all types of stalls and for all breeds 

Installations with V bars or electric trainers usually have longer sta s 
than otherwise would be practical because with these facilities all excreta 
goes into the gutters These longer stalls may prevent injuries when the 
animals he down It also helps keep the cow clean makes it easier to 
produce high quality milk and cuts down the requirement for bedding 
Comfort stalls which may be considered a special type of tic stall bcc 
designed to give the cows more freedom than is afforded by ordinary ne 
stalls (sec Figure 16-4) Each cow is secured with a strap and a chain at 
tached lo a curb at the front Horizontal bars at the front are arranged 
so that the cow is forced to stand near the rear of the platform but they 
allow her to mo\e forward to he down There is nothing within the stall to 
restrict movement Stall space is separated by fences made of pipe 3'^'^ 

Crete 


The pipes forming the front of the stall must be properly adjusted to 
make the cow stand back Usually the top rail serves as a vacuum Ime for 
the milking machine and the bottom rad is the water line Generally a high 
front manger is used 

Comfort stall platforms can be about 3 inches shorter for cows of a given 
sue than would be practical for regular tie stall platforms and clectnc 
trainers usually are recommended 


Figure 16-4. Comforf stalls allow freedom without loss of control. (Cour- 
tesy Clay Equipment Co ) 

One type of comfort stall has an adjustable crossbar, usually a 2 by 4 
across the platform near the back When the cow is standing in this stall, 
the pipes in front force her to stand with her rear legs back of the cross- 
bar Droppings and urine then fall behind the crossbar When the cow lies 
down, her head goes under the pipes at the front, enabling her to he on a 
clean bed forward of the crossbar 

The question of stall size always is a pertinent one Few barns are built 
with stalls which are too big Too frequently the stalls are made under- 
sized in order to get more of them in the barn 

Small stalls have caused many dairy cows to be culled as a result of 
teats which were damaged because of crowding Very often, chronic mas- 
titis can be attributed to the fact that part of the udder often rests on the 
edge of a filthy gutter which is without bedding 

To determine stall length, the distance from the shoulder to the tail set- 
ting of one of the longest cows which will use the stalls is determined For 
stanchions it is customary to add three inches to this, for comfort stalls, six, 
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and t.c stalls, mnc tnches The sv.dth should be approximately 80 per cent 
of the length 

Since stalls cannot be designed individually for all covvs, som 
promise is necessary One good method is to select two liberal sizes 

use cov* trainers to help keep the platforms clean 

It appears that the number of udder injuries can be reduced consi era 
by a rubber mat for each cow housed for long periods m stalls f 
16*5) A good way to prevent slippage of the mats is to use meta strip 


Figur* 16*5. Cow Mat inslallotion at Pennsylvania Slate University- 
(Photograph supplied by the Girton Manufacturing Co.) 

on the front edge Lag screvvs arc put through the metal and the mat and 
into the concrete platform 

\Vhcfc some bedding is available often only the rear half of the stall is 
covered vvuh rubber 


LOOSE HOUSING 

Stall barns mav be used alone or in combination with other units Some, 

bui not all sv stems of loose housing management include i>ing each cow 
for indiv idual feeding of concentrates 

\1 lean four other pans are included in most loose housing mstallalions 
' n 1 loAfing area uhere cons rest the feeding area 

s.hnhiiproiidedunhtaciIuiesforha> silage grecnchop (each alone or in 
combination) the pared lot and the milking parlor 
loonng Bam 

nr loabn? barn (Figure l6-(,) is a resting area It should be located so 
t ccrv»i o not crois the bedded area to get water or to reach feed area* 








Figure 16-6. A cleen and dry loafing barn. (Courtesy Babson Brothers 
Co.) 

and other parts of the system It should be on the side of the paved lot 
opposite the feeding area In hot climates both sides should be open In 
cold climates the south wall is open The long dimension in either case 
usually IS east and west 

The roof should slope away from the paved lot, or troughs and drams 
must be supplied Approximately 60 square feet per animal are required 
The area of the loafing barn may be entirely open or part of it may be par- 
titioned off into free stalls The cows are not fastened but are allowed to 
enter or leave such stalls at will The free stall concept is somewhat 
new and many versions are m limited use Usually, however, a free stall 
consists only of two walls and one closed end, usually about 414 feet high, 
within which only one cow can stand at a time These structures are very 
easily installed and they are inexpensive By thus affording the cows a de- 
gree of privacy without strict confinement, injuries are prevented, bedding 
IS saved, and the animals stay cleaner than in completely open loafing 
barns The loafing barn should be on a well-drained site, and the pavement 
should slope m a way which prevents entrance of surface water Several 
clcan-out doors should be provided 
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The Feeding Area 

Th= feeding area may be covered or open (Figures 16-7 to 16-11) 
may contain self-feeding or automatically unloading silos Hay y 
stored in various forms-tn, or close to, the feeding area Fence-1 
drive through feeders may be used with all roughage supplied 
or self unloading wagons Molasses may be stored in tanks and lee e 
the area , r 

At least dO square feet of feed area are needed per cow Six men 
bunk space per cow are required \%hen self-feeding silos or hay-mows are 
used T\so and one half feel are required for each cow if a mechanica 
silage bunk is used 


The Paved Area 

The paved area serves as a place for exercise and as a holding area for 
the milking parlor However, u should slope away from the milking parlor, 
since cows usually stand with their front feet upgrade and hence will face 
the parlor Slope usually is one fourth to one-half inch per foot Where 
possible, a drop off at one end of the pavement is provided for manure re- 
moval 

Asphalt paving may be used, and for large areas, it may be more eco- 
nomical than concrete Asphalt must be of the type used in highway con- 
struction, and It must be installed over well compacted subsoil with a sub- 
base at least 5-inches thick Liquid asphalt or asphalt mixed m place 
ordinarily is not satisfactory 

If concrete is used, it should be 3 to 4 inches thick except at the perim- 
eter where u should be approximately 8 inches to bear the load of machines 
entering or leaving the area Wire reinforcing usually is recommended 

The Milking Parlor 

Milking parlors may be of various types, but all have many require- 
ments m common (1) A milk room should join the area in which milkmg 
IS done (2) Grain should be stored close by and provision made for 
filling hoppers over each milking station (3) A device for measuring feed 
individual^ to each cow connects to the hopper (4) The walls are finished 
washed material (o) Lights which illuminate 
the udders especially well are essential (6) Hot water must be supplied m 
Vaf? Artificial heat is necessary for comfort of the workers 

(8> Isolation pens or stalls should be provided close to the exit to hold 
a^nimals for breeding or vetennary attention (9) The milking parlor must 
be equipped with enough floor drams to be kept clean during the milkmg 
Drocess ^ = 
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Figure 16-11. Molasses or ofher liquid feeds con be supplied free-choice 
in the feeding area. (Courtesy U. S. Industrial Chemicals Co ) 





buildings and 


ALLIED equipment 


The term parlor does trot fu any modern tostallatton ^ 

The first mtlkttts parlors were for shonmg the operatton to h W 
They serred tvell as adtcrtisint, devices but for the mos p 
herds ustng parlors were m.lked elsewhere because too much labor vvas 
qutred m the parlor Today s mtlkini. parlors are not 
v.otV and more covvs per man hour can be milked m any of these 
stall barns 
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The procedure is repeated on the other eight; the milker standing be- 
tween each pair of cows, slips the machine from one udder onto the other. 
Then the eight milked cows go out and eight more enter. 

This system is employed with several variations (usually with fewer 
machines) in many parts of the South. Some buildings of this type which 
are used only for milking contain hundreds of stalls and are called milk- 
ing barns because they are considered too large to be a parlor. 

The other general type of parlor is the elevated type in which the cows 
stand 30 inches higher than the operators. The men may be in a pit, or the 
cows can be on a platform. Most parlors are elevated somewhat so that 



Figora 16-13. Radiant haat lamp* >«arm oparofor*, but not lha cow$. In 

this walk-through milking parlor. (Courle*y Clay Equipment Co.) 
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The term ‘ parlor” does not fit any modern .^tallat.on f°'' 

The first mtlktns parlors were for showing the °peTat.on to he pub 
They served well as advertising devices, but for the most PAr 
herds ustng parlors were mtlked elsewhere because too much labor vvas 
qutred ,0 Ihe parlor Today’s mtlkmg parlors are not for show butjor 
v^ork, and more cov^s per man hour can be milked in any of these 
stall barns 



Figure A diagonal stall milking parlor with feeding equipment 

and sanitary pipelines (Courtesy Babson Brothers Co ) 


The two general types arc the floor-level and the elevated parlors The 
floor-level parlor simply is a small stall barn through which several shifts of 
cows are put during each milking The longest installation of this type 
usually called a parlor has two rows of sixteen face-out stalls and a pipe* 
line A milking unit hangs between each two stalls during the entire op- 
eration Two men— one to wash and one to milk— are assigned to each 
side As soon as cows are m the stalls and fed. the washer goes down the 
hnc washing every other cow The milker follows one minute behind slip- 
ping the machines on the eight washed udders 





Figure 16-14 Pipelines, automatic feeding, ond udders close togelhef 
speed milking m herringbone parlors (Courtesy Clay Equipment Co ) 

cows have to walk up into them unless they can be built on the side of a 
hill Steps rather than ramps appear to be preferable because they are 
easier for the cows to use and fewer accidents occur than with ramps 

The elevated systems may be U shaped around the pit they may be sit 
uated at right angles in a corner of the barn or the milking stations may 
form a line down each side of the pit leaving an open area at each end 
TheU shape saves space, however a obstructs the view of the rest of the 
barn somewhat and visibility is important because it saves steps to check 
on other phases such as the cooling system water supply and the holding 
area 


Each stall may have a separate gate at the side (Figure 16-12) or a series 
of stalls which accommodate batches of several animals at once may be 
used (Figures 16 13 16 14 and 16 15) The former allows more individual 
attention but the lattf-r ii... i _ii _r 


V sv.wa IV, It dna lo ID) ihc lormer allows more inoiviuu,* 

attention but the latter increases speed by handling groups of cows 

e atch type parlor may be narrow keeping the cows horizontal with 

•hcDll. or an anai.lcr ® . 


lypc parior may be narrow keeping the cows horizontal 
be u “'■ranS'n'cM known as the herringbone system 
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The latter has the advantage of putting the udders close together and 
hence saving steps The feed boxes are several feet from the pit, but this 
objection is overcome easily by placing a mirror over each one so the milker 




INGS AMD ALIIED EQUIPMENI 


Toble 1^5 Typ.=»l Coil> and Mllmg Efficency in Onn-Mon Doiry 

Syilems OS Repotted by R Riemon, USOA 



Sronchion 

Ooubt**3 

Tandem 

Wolk'Thiough 

Doubl«*4 

Herringbone 

Cow capacity (2 hrs) 

60 

64 

86 

No of stalls 

60 

6 


No of milking units 

3 

3 


Areo (ff) 





14x16 

14x 16 

14 X 16 

fAilking parlor 


10 5x31 

16x21 

Born or loose housing 

32xU7 

40x104 


Costs (S) 




Budding 

15,000 

7,926 

9,898 

per cow milked 

250 

124 

115 

Equipment 

7,800 

5,350 

5.900 

per cow milked 

130 

84 

69 

Totol building and 




equipment 

22,800 

13,276 

15,798 

per cow milked 

380 

208 

184 

Cows per man hour 

30 

32 

43 

Mon minutes per cow 

200 

1 88 

1 40 


Double-^ 


100 

12 

6 

16x20 

16 X 27.5 
40 X 120 

11,000 

110 

6.500 
65 

17.500 
175 

50 

120 


PIPELINES AND TANKS 

Labor tsconscrxed in any setup which is integrated with pipeline and 
bulk tank systems The pipe which takes milk from the udder to the tank 
should be relatively low (below udder height if possible) and risers any- 
where in the system are objectionable There are two reasons for this (D 
milk goes up the risers in slugs This causes variation of the vacuum sup- 
ply to the teats since vacuum is pulled behind each slug of milk (2) The 
second objection is agitation of the milk which is caused by air bubbles 
which enter as the milk is forced upward Excessive agitation can cause 
rancidity 

Surprisingly enough rancidity occurs more frequenlly at temperatures 
just aboie freezing than at 38- to 40-F Ltpase an enzyme uhtch splits fat 
appears to be released more readtly at the louer temperature 

borne tanks are refrigerated on the walls but some hate cooling coils m 
the bottom only Agitation in units with boltom cooling colls only should 
be delayed until the agitators are completely cotered with milk This is be 
cause milk which splatiers on the noncoolcd walls may become rancid be- 
tore it IS taken back into the cold milk 
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All bulk and pour tanks and pails are of stainless steel as are some pipe- 
lines Other pipelines are of special glass which is resistant to all chemicals 
used in cleaning and sanitizing Most modern pipelines of either material 
are cleaned in place by automatic equipment which forces detergent and 
sanitizing materials through under pressure 

HEATING THE MILKING PARLOR 

Almost all structures used exclusively for milking are drafty because it is 
necessary for some cows to go in at one place while others are going out at 
another Even in warm climates this can make milking a chilly, unpleasant 
job, and heating is necessary Radiation appears to be the best system of 
heating, since it involves electromagnetic waves which are not affected by 
drafts 

If radiant heat lamps are focused only on the pit, the operators alone, 
and not the cows, will be affected A row of 250-watt lamps waist-high 
and others about 20 inches above the operator’s head (Figure 16-14) will 
keep the employees warm and supply light at the same time Other radiant 
heaters which are operated by gas are available and may be more practical 
in some areas 

Weighing and sampling of milk must be done occasionally in connection 
with all milking operations Various metering devices for use with pipe- 
lines are available, but all are in need of improvement Actual weighing 
IS the most accurate method presently available 




PHYSIOLOGICAL PRINCIPLES 
AND BUSINESS POLICY 


As PKEMOLS ClIAITERS ATTEST, DAIRYISG IS K COMl Lt\ ULSISESS 
requires knowledge, continuous study, an appreciation of animals, an 
unusual determination and skill in coordinating many activities However, 
the rewards are great enough to justify the demands 

The above remarks apply especially to purebred operations Not o n y 
are registered cattle expensive but additional expense is required for pu te 
relations and sales Keeping purebred cattle is most easily justified cc^ 
nomically when breeding stock is sold One serious mistake frequent y 
made is the purchase of entire herds by business men who have enjoye 
success mother endeavors but whose dairy experience is limited to a wind 
shield view Dairying is a good investment for nondairymen but only t 
they can hire capable managers and arc willing to delegate herd policy 
Cows such as the one m Figure 17 1 deserve professional management 
Purebred cattle are those descended m all lines of ancestry from the 
foundation stock of the breed which they represent or those which have 
been graded up in accordance with requirements of the respective breed 
associations The Shorthorn and Red Dane breeds have grading up 
visions patterned along the lines of English associations 


SELECTING A BREED 

Both registered cattlemen and commercial dairymen must select definite 
breeds There arc five major breeds (Appendix A) of dairy cattle in Amer- 
ica However it is reasonable to choose breeds other than the major ones 
if proper consideration is given to body size and various market factors 


Climatic Conditions 

It IS argued that animals representing breeds which originated in warm 
climates are belter for the South whereas those from cold climates are 
preferable for the North Chapters 4 and a show that all breeds can with 
stand cold weather if adapted to it and that all wdl suffer from excessive 
cnvironmemaf heat (especially if they are in heavy production) 'vlo« 

er su en O'v'uward changes m temperature often cause southern cattle 
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Figure 17-1. King View Froncy Allegro 3393541 (VG) prijduced 38675 
pounds of milk containing 1239 pounds of fat on twice daily milking in 
365 days. (Courtesy Holstein Fresian Association of America) 


to chill, and heat stress during the summer is common in most northern 
cattle. The fact that some breeds are slightly better adapted to certain 
climates than are others is a minor point 


The Feed Supply 

The feed supply is irrelevant in the selection of modern dairy cattle. 
Good feed must be supplied in adequate quantities to all high-producing 
cows Although the ability of dilTercnt breeds to graze vanes considerably, 
the present prices of land and labor preclude the use of sparse pastures, 
esen with breeds that are especially good rustlers. 


Effect of Size 

Large versus small breeds often is an issue. The small breeds hate more 
body capaeity for their weight and thus can cal proporlionalely more. 
Thus a greater percentage of their feed goes for productive purposes. On 
the otlicr liand. their requirements for mainicnance arc liigher on a body 
wciglit basis These two facts lend to cancel out each oilier, thus there is 
little or no significant diircrcncc between breeds in ciriciency of feed con- 
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version Of course, if other things arc equal, large animals P""" j 
milk than small ones Hence within breeds the large ones are prelerre 


Other Factors ^ 

Such things as personal preference breed m the community, ° 

breeding stock, and the like, arc matters of business and arc impor a 
There is no particular scientific method for their solution , 

market, however, is one matter which can be solved by scicnti ic tcc 
niques 


MARKETING MIIK 

Although the demand for fluid milk can be predicted reasonably v\cll, 
milk companies must purchase about la per cent more than can be use 
such in order to insure an adequate supply The surplus is used for t e 
manufacture of dairy products 

Obviously milk which can be bottled and sold quickly usually brings 
a belter price than that which has to be extensively processed Hence, >n 
the same market, for the same quality of milk, there may be several prices 
In many markets these diffcrcni prices arc calculated to a single price for 
each producer This is a weighted average of the various expected amounts 
of milk and their respective market values This value is known as the 
blend price 

The Base Period 

How much Class 1 milk (fluid milk to be processed, bottled and sold as 
such) that a particular producer can sell is predetermined by how much 
he makes available to the company during the base period which occurs 
when the supply is likely to be shortest The more milk one can produce 
at this time the better his blend price will be since more of his total 
production will be utilized as Class I Even if conditions do not warrant 
three or more milkings daily and very liberal feeding as a general practice 
such measures are likely to be a profitable aid m obtaining a substantial 
base for Class I milk 


Cooperatives 

The practice of dealing separately with a large number of producers with 
various sized Class I bases for milk has led to dissatisfaction in a number 
ol markets Thus it has been advantageous to both the milk companies 
and the dairymen to deal cooperatively 
The cooperative associations are of two general types ( 1 ) bargaining as- 

s^iations which do not handle milk but make all business arrangements 
U) associations which process and distribute milk or assemble it for fluid 
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uses Some of these serve mainly as processors for surplus, others are more 
active as distributors 

In some areas the dairymen have formed cooperatives and rented fa- 
cilities from major milk companies to the mutual benefit of all The com- 
panies have an assured income, and the milk producers are able to use 
more of their milk as Class I 


State and Federal Administration 

Although these steps have helped, milk is such a perishable product and 
IS so important to health, that many states have established milk control 
boards These agencies adjust prices as fairly as possible to insure a 
continuing supply In some areas, however, even state marketing orders 
have been ineffective Federal orders can be used in such cases i t e 
dairymen want them By this means formulas are established to determine 
the factors which are considered in establishing the price of milk eac 
month 

Some 80 federal milk orders of various sizes and structures arc in ope - 
tion at present In some locations most of the production n s i s "'“V 
the fluid milk market, whereas in others, half or more ^ 

manufacturing milk Returns to dairymen in various P“'' ® ° . , , 
can vary from $2 50 to over $7 00 per cwt during 'he same day Marketing 

milk continues to offer complex, perplexing, an " “ , 

At present, most milk is priced on the basis of fat test Thus a base 
price per cwt is set for milk of a certain per cent of fat (base fat percent- 
age) For milk which tests higher than the base fat percentage, the prm 
per cwt IS increased a certain amount for each point (tenth of a pe cent 
above the base For milk with less than the base f"' ■ 'h; P' 

per cwt IS reduced a certain amount for each point below 'h" base The 
Lount the price changes is the differential, and it is expressed in cents per 
point 

FEED COST OF MILK 

The energy content of milks of different fat contents varies according to 
the fat test pis a constant because of the amount of energy -n ained in 
the fat The energy-bearing solids no, fa. vary so hi, e that heir ene gy 
may be considered constant for purposes of calculating feed cos. Thus he 
energy which can be produced by the nutrients in milk varies according to 
the tel, plus 2 66 This means for example iha. the difference be.vvcen die 
energy of 4 per cent milk and .wo per cent milk is m .he order of 

4 + 266 6_^ ^ j 

'"i ^ 2 66 A 66 
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Dr W L Games' based calculations for feed cost 
the premise that under certain conditions the cost 
be the same percentage of the total cos. regardless of the ^ 
iCOpt, uni of the total f,cd ^ere required to produce 3 per cent mil . 
m pit cat of the total feed also would be required for the production ■> P 
cent a pet cent, or milk of any other content of fat Thus higher fat 

would require proportionately more feed ^ . .u . .Kp* f«d 

From these facts and observations Dr Games concluded iha 
cost of producing whole milk as affected by the fat test vanes according 
the per cent of fat plus 2 66 This was true of a large number o 
served at the Royal Veterinary and Agricultural College m Copen ’ 
Denmark as interpreted by Games* (Table 17-1) Table 17-2 shows 
function of a typical pricing system based on a differential of eight cen 
per point , 

The price changes 80 cents per cwt for each per cent change m 
Hence ten times the differential is the value of a pound of fat The 


Table 17 1 Data from Oonish Experiments Bearing on Feed Consumption m 
Relation to Fat Test of the Milk 



Red Danish 

Crossbred 

Jersey 

Number of cows 

308 

350 

353 

Average oge of cows (years/months) 

5y 7m 

5y 10m 

5y 9m 

Average wt per cow 

1021 

1021 

796 

Averoge milk per cow per yeor 

7934 

6389 

5018 

Average fat test 

3 60 

4 28 


Feed units per cow per year 

3079 

2748 

2484 

Feed units per cwt of milk* 

38 8 

43 0 

49 5 

Relative feed cost by formulo** 

38 8 

43 0 

49 6 _ 


•Danish feed unit equals 1 kg of borley or equivalent 
•Feed cost proportionol to percentage of fat plus 2 66 


Table 17 2 Relative Value of Fat ond Skim Milk Based on o Differential of 
Eight Cent* per Point 


ice/ewt W 

Value of Fet ($) 

Volue of Skim i 

6 62 

4 80 

1 82 

5 82 

400 

1 82 

5 02 

3 20 

1 82 

422 

2 40 

1 82 

3 42 

1 60 

1 82 
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of the skim milk does not vary Considering the feed cost of whole milk 
(test + 2 66), the skim milk portion should be valued the same as 2 66 
pounds of fat In the example of Table 17-2, the value of the skim milk is 
$1 82, however, the value of 2 66 pounds of fat is 2 66 x 80 _ U 12 
Thus since 2 66 pounds of fat brings more than the skim milk, one s ou 
strive for high testing milk m this particular market , , n- i 

As fat becomes less important commercially, perhaps the diHerentia 
Will be on the basis of protein Since protein and fat ten to increase or 
decrease together, a similar formula may apply Hence, t e in ustry may 
already be close to a workable protein differential The relation of protein 
to fat variation needs more attention 


PLANE OF NUTRITION 

The feeding standard as explained in Chapter 10 is only a guide, and the 
level of feeding must be determined individually by each dairyman, p 

ably for each cow , , 

At least to a point, the more feed a good cow eats the higher her pr^^ 
duction The dairy businessman is concerned with the pom 
curtail feeding as the market varies , 

The more a cow eats, the lower is the net energy per 
results from less efficient digestion and a general ec me automobile 

just as fuel consumption per mile incrMses wit ,5 axtra 

The greatest increase m energy loss with h g --t,on to an* 

SDa' It rises from about 3 per cent on a 

proximately 20 per cent on a three-mainicnancc ra 1 r-pH nuahtv con- 

suggested : previous chapters -^"he^^^rrt;,^ -pcl'rrmU L 
servation of adaptive energy, and the like, oc 
production increases 


Biological Efficiency 

Application of the animal-efficiency complex lo dairy business procc- 
du^ rnds on .he following categories Net ^#--7 - •He percenlag. 
of feed above the ma.n.enance requ.rcme.Us which is '^ec^ered in he form 
of ou.nul energy CrsH is .he percentage of the tola feed (,n 

oi output energy ^ m / > . recovered in the desired 

eluding the pari used for maintenance; 

products urcaily m cows of about ihc 

The maintenance requirements do not wir> gre y 
same sue whether they are producing at high or ow IcveU As shown m 
Pigurc 17-2. cow A uses aboul ihes.mc amoun. of feed for nn.nlen mcc as 
dcL cow » Cow A has .a grealcr r/vurry ihan cow U does Hcciuse of 
ihe l.w of dmiimshing returns, but wh.t ..bout gross efficiency bmee 
num.enance is included, obs.ously cow li Ins a greater gross ellicicncy. 
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Figure 17-2 Useof nulnents beyond body mam- 

fenonce needs delermines production efficiency 


and this is closer to monetary efficiency U would be cheaper to . 

than two cows like A and yet the same amount of milk would e o 
If a cow produces 10 gallons daily the second five ts produced ^ 
efficiency lovs er than the first five but at a gross efficiency considera y 
ter than vsould prevail if another cow s body has to be maintame to p 


duce the second five gallons 

Thus the cow as an economic unit is most efficient when producing 
the maximum of vshich she is capable This principle is magnified > t 
fact that labor housing and various fixed costs are as high for low as o 
high producers It is recognized however that market conditions cou 
justify operating at less than maximum production at least part of the nnae 
Most cows will produce about 80 per cent as much on high quality forag 


alone as with supplementary concentrates 


MARKETING CATTLE 

There are two general markets for purebred dairy cattle The best 
established breeders supply replacements and bulls for other purebre 
herds From these herds most of the bulls used in artifical insemination 
arc selected Other less well established breeders suppK bulls to service 
grade herds that use natural breeding or artificial insemination from on y 
their own herd sires 

Establishing a reputation which will induce breeders of purebred stock to 
seek his animals is the goal of every registered cattle dairyman Lsually 
this requires from 10 to 20 years During this time general management is 
particularly important \s far as the beginner is concerned variations in 
milk production influence net income more than 20 times as much as the 
breeding program Thus one must first be a good general dairyman 
stated before however the sale of breeding stock is the goal of all dairymen 
who conccntraic on purebred animals and merchandising becomes of 
primary importance 

Not all of the costs of selling breeding stock are easily defined Items of 
expense include employment of more expensive labor than is necessary for 
operating grade herds building and maintenance of more impressive shel 
ters and grounds and the costs of grooming and caring for cattle Other 

ig er costs include advenising transportation and commissions Cattle 
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generally bring the best prices when in good flesh and when the hair is sleek 
and smooth Sometimes one can locate the stock he needs and save money 
by avoiding the expensive farms and sales Purchasing cattle is always 
somewhat risky, however 

The reputation of the breeder is of primary importance to any decision 
to purchase He should be happy to be investigated through the breed 
association, other breeders, bankers, neighbors, or by any other means 

Private Treaty 

Most cattle are sold through private treaty One desiring to purchase 
animals goes to an area reputed to produce what he wants Contacts then 
can be made as previously arranged through the breed association, exten- 
sion personnel, a professional cattle buyer, or all contacts can be made 
personally 

When dealing with a reputable breeder, one can be assured of accurate 
information as to ancestry, production, health, breeding cfliciency, and 
other characteristics of the animals in question Such experienced breeders 
can help one select the animals which he needs most The> arc interested 
ma lasting contact and usually will help one to get what he needs even at 
the expense of losing an immediate sale when they know where animals 
"hich meet the requirements better than their own can be located 

Public Auctions 

Public auctions are held frequently and if properly supcr\ iscd. such sales 
olTer a good means of buying or selling breeding slock Dispcrscmcni sales 
of whole herds are not unusual and are advantageous to both bu>crs and 
sellers 

Unsuperviscd auctions are a nuisance, however, and often are considered 
a menace to the livestock industries because ihe> can spread disease 
IlcaUh ccriiflcatcs may not be required, and standards for consigning 
animals to such sales are loosely defined to the extent that they often arc 
used as a means of disposing of defective, diseased, low-producing, or sterile 
animals 

A reputable consignment sale supervised bv a breed association (1 igurc 
n-3) or b> a stale extension service is a dilferent mailer, of course L suallv 
'lie amm.ils consigned arc selected b> a compcleul judge ami the good 
bc.ilth of all .inimals is assured I he pedigrees .irc gu.ir.inlced Such sales 
are a source of jiridc for consigners and tbc sponsoring nrgaiii/.iliems In 
vueb cases, ibe work of promotion and adveriising is done bv the sponsor 
and a commission is [laiel on each sale The consignment sale l, espcciallv 
adv.ini.igeous to one vviih onlv a fevs animals to sell 




Advettising 

All purebred dairymen find that advenismg is essential This may he 
done through breed association publications and in various other 
papers and magazines The official production and classification recor s 
are published in official registers b\ the breed associations and this is 
good source of adv ertising 

A mailing list of breeders may be maintained and printed matter m 
form of a periodical newsletter sent out This would include production 
and type-classification information as well as pedigrees Good photograp 
of outstanding individuals may catch the eye of a prospect and keep hint 
from disposing of such promotional mail An extremely good means 
keeping one s name before the public is the exhibition of fine cattle at fan^ 
shows and sales 

Filling and Showing 

Fitting and showing cattle is one of the most important jobs of the pure 
bred business Exhibitors compete for prizes and ribbons but the expeo 
ence and reputation gained are more important Cattle shows help 
andbmld character mboys and girls Fairs shows and sales also provide 
an excellent means of publicizing individual herds and of evaluating and 
comparing breeding stock 
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When properly trained, fitted, and shown, the dairy animal is a splendid 
advertisement of milk and dairy products Skillful exhibits also stimulate 
breeding stock sales An inspiring case history is pictured m Figure 17-4 
However, animals which have not benefited from proper preparation are 
likely to detract from the exhibit 

Exhibition stock should be chosen early m the season and a realistic 
timetable for fitting should be adhered to strictly It seems best to select the 
show herd at least eight weeks in advance If possible the potential show 
heifers and young bulls should be segregated from the herd Show animals 
should be placed in the best surroundings available It is essential to pro- 
vide shade and plentiful water, and to control files and other distractions 
Most professional showmen keep a few extra animals in the show herd for 
the following reasons 

(1) Young animals respond to fitting in different ways One might 
change his mind on a close pair after watching them for a few weeks 

(2) It is best to be prepared for emergencies by carrying several animals 
as possible substitutes if an accident or illness should affect one of the selec** 
tions 

Alternate cows are selected too, especially if the first choice is due to 
freshen at fair time Some cows can look both their best and their worst 
within a two-week period either side of parturition If possible, milking 
cows are segregated from the herd before the show Individual attention to 
each animal m the show herd is a “must ” 

The age and size of young animals to be shown are very important 
Usually a large caHhas an advantage in the show ring The base dates for 
calculating age classifications for most fairs are January 1 and July 1 as 
shown in Appendix I 

Careful fitting as shown in Figure 17-5 (pages 268-271) is essential 
However, showmen may clip the animals one or several days before show- 
ing, and this seems confusing to the beginner How can one tell which is 
right’ It depends on the conditions Fitting cattle involves more than a 
hair cut and hoof shine If the cows have been blanketed and are smooth 
and glossy and if the fitter is skilled, he can do the clipping at any time — 
the same day as the show if he chooses 

If there is any doubt, however, most of the clipping should be done long 
enough before showing for natural hair growth to help blend the clipped 
and nonchpped areas Ten days is a good limit Frequent brushing, wash- 
ing, and blanketing following clipping will keep the hair short and help 
prevent a comedy haircut type of line between the clipped and undipped 
areas Of course, touch up clipping of the head, ears, etc , may be in order 
at any lime On the show circuit, frequent touch ups are essential 

Because the hair growth of animals differ, it is difficult to make specific 
rccommcndationsforchpping In general, however, the tail should be dipped 



F,gu.e 17-4 THE DEVEtOPMENT OF A CHAMPION 



A. Phofagraphed in 1938 at 2 y«ar* 8 montht (2 y 8 m) of ogo pnd froth Y 
a f«w doyi Par's Red Shelia took Grond Championship honors o 
tndiona State Fair Her first lactation netted 9375 M (milk) 4 89 ^ {p«^ . 
of fat in the milk) 485 F (pounds of fol produced) 2 x (twice a / 
milking) 



8 In 1940 Qt4y 8 m of age Por'sRedShelia took lop honors at the Ohio Stal* 
dassiPi^ **exeeU*'T e«t»tanding end three years later she wai 





(Courtesy Ayrshire Breeders Association) 
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C In 1947 Shelia made a 305 day record of 18,942 M, 4 46% 844 F Her 
actuol cumulative record by then was 122,465 M, 5365 F 





e( Brown Swiss 











G Washing is necessary and it is something most cows enjoy 


Starling at the very top of the switch, it is clipped up to the tail head 
(A common mistake is to cut too high) It is best to stop at about the level 
of the pm bones and to blend the cut and uncut areas by clipping with the 
hair rather than against it Experience will teach one where to stop on dif- 
ferent animals The small scissors will help at this point also 

One common mistake is to clip along the peak of the rump of high 
rumped cows Many times this accentuates ihe condition, especially if clip 
ping has been done less than ten days before the show A high rump must 
be acknowledged, though a few hairs which stand up straight may be re- 
moved with the scissors 

The forehead, face and ears practically always should be clipped A ring 
of hair is left around the horns of Ayrshires and all of the hair is left on the 
inside of Brown Swiss ears Otherwise the entire head, knees, hocks, lower 
legs, and tail from switch up are clipped Experience is needed to decide 
whether it is necessary to clip the jaws, neck, and throat, some cows will 
benefit, others will not 

Clipping hair from the udder and teats is recommended This applies 
especially to the long hiirs which grow between the quarters and over the 
rear udder Considerable hair can be removed from the stomach and milk 
veins Here again recommendations change from cow to cow Alilk veins 
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should be accentuated Oddly enough, sotne show cow fitters d h 
leaving longer hairs on the veins, others by clipping closer to the °o ^ , 

There may be other areas (such as parts of the legs, chest, and flanks) 
which need attention with cither the clippers or the scissors 

Often there is considerable confusion regarding use of the blank ^ 

queni question is why not clip the animal all over Why o 
blanket to sweat the hair out’ 

There are few functional sweat glands on the roam part of the co 
term is a misnomer to begin with Long, coarse hair is shed 
lular activity The main purpose of the blanket is to control t e o 
blood to areas close to the surface . . 

Most diarymen have noticed that during the summer months catt ^ ° 
smooth and sleek Blanketing show stock during warm weather o ten 
unnecessary especially for lactating cows, because the blood com« 
up to the surface to give off heat It brings nutrients to the outer ° 
skin keeping the cells alive and active Dead skin and hair shed off ^ 
close to the surface secrete moisture and oils copiously, and these ni 


keep the skin supple and the hair soft and glossy 

In the winter the blood stays deeper within the body Nourishment is 
withdrawn from the surface Hair grows slowly and becomes coarse, since 
It 18 not shed from the thickened, hard, and dry skin and yet it is not nour 
ished well enough to maintain a high lustre The use of the blanket helps 
the appearance of the whole cow by simulating to some extent conditions 
under which she is at her natural best Of course, clippers in the hands of a 
skilled fitter can help the appearance of any animal, but nature can do U 
better if helped with a blanket and careful attention 

Blanketing is not as important in Southern states as in the North Vet m 
cold and rainy periods, blankets help, even m warm climates, by keeping 
the hair lying flat and causing secretions which give it a glossy appearance 
When animals arc being trucked to the exhibit, blanketing will help pr®' 
vent sun and windburn, will keep the animals clean, and will help protect 
them against cuts and bruises 

Depending on the individuals, the facilities, and the weather, cattle may 
be blanketed while at the fair The mght before showing generally calls for 
blanketing 

It is difficult for many dairymen to understand why a great deal of wash- 
ing usually IS recommended Of course, one washing just before the show 
will insure having clean animals, however, frequent washings throughout a 
period of two to three months help by removing dead skin cells, hair, and 
excessive secretions Thus the texture of the hair becomes fine and easily 
managed 

Most dairy cows enjoy being washed and will be easier to handle because 
o 1 very animal is washed at the beginning of the fitting period and at 
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least once more about ten days before showing This will remove accu- 
mulated dirt and grease and will allow for extra attention to the stained 
areas Generous amounts of water and bluing or chlorine solution are ap- 
plied to stained areas Several treatments are necessary to remove some 
stains If stains are not treated before the animal is sent to the fair grounds, 
there may not be time to achieve the desired results 

Moreover, it is necessary to wash the tails of all breeds and desirable to 
bleach the white ones One or more washings during the fitting period and 
just before showing usually will be adequate In addition, a good showman 
washes the ears This improves the appearance and aids in identification 
of tattooed animals The hooves are washed with a stiff brush This will 
help remove any foreign matter from beneath and between the toes 

Combing and brushing tails often prior to showing adds considerably to 
the animal’s appearance Braiding will curl the hair of the tail and make it 
more attractive Frequent brushing of the entire animal also is desirable 
It stimulates the flow of blood, loosens dead skin and hair, and helps in- 
crease the activity of glands and skin cells 

The bottoms of the animal’s hooves should be leveled She will walk 
more naturally and stand straighter than otherwise A crooked foot can put 
a strain on the whole leg, possibly making the shoulder attachments appear 
open The bottoms can be leveled easily with disc or belt sanders, and 
these tools also can be used to smooth horns Hoof and horn work can be 
done just as well with knives, scrapers, nippers, and rasps, but more time 
and considerably more skill is necessary than with sanders The toes of 
some dairy aniwah grow too Jong, even when they get adequate exercise 
Improper walking may cause depreciation in over-all appearance Ex- 
cessive criticism for weak pasterns could result from poorly conditioned 
feet 

All hoof trimming should be completed two weeks prior to showing 
During the intervening time the cow will recover from any temporary lame- 
ness she might have if her feet are particularly sensitive And she will get 
used to walking naturally again Little equipment is needed, and many 
things can be used as substitutes This can depend on availability or pref- 
erence Hoof clippers are most commonly used, some showmen, however, 
use a short thick-bladed knife or a wide, flat chisel 

If the animal has horns, they should be conditioned while it is young 
This IS done by applying tension in the direction one desires the horns to 
grow The horns of mature animals should be sanded smooth and polished 
A small disc sander makes quick work of this job, and it may be left until 
just before the show 

A good showman necessarily must be a good feeder Slight weaknesses 
are acceniuated by underconditioning Experience is needed to attain and 
hold the most desirable body condition for each individual animal Dry 
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stock should hate a high protein fming ration combined with hay and/or 
silage, and beet or citrus pulp Howeser, the normal management practice 


are followed With milking COWS . 

Special feeding can help many animals Ijsually, hard working cows 

sleek and have mellow skins This is partly because they must metabolize 
huge amounts of feed and thus tremendous amounts of metabolic heal are 
given off by bringing blood to the surface Nutritional bloom can be pro- 
moted further if a considerable part of the cow’s feed is protein That part 
of the protein not needed directly for cellular growth and repair, an 
milk promotes activity of the circulatory digestive, and secretory systems 
and thus lends to establish the bloom of health that is shown by clear 

animation supple skin and sleek silky hair Hence liberal feeding of hig 
protein feed will help most animals Overfeeding must be avoided, o 


course 

Ovcrconditionmg IS cntici 2 ed in varying degrees However most judges 
will be harsher m their judgment of extra weight on the younger animals 
and milking cows than on pregnant senior yearlings and dry cows Of 
course, particularly thin animals need feeds that are outstanding in digest 
ible carbohydrates Liberal quantities of good quality but not poor qual 
ity leafy roughage helps all animals to develop depth and breadth at the 
midsection It is best to feed very lightly the night before the show The 
next day cattle will be hungry and can take on a fill of bulky nonlaxative 
feeds that will help emphasize good body capacity Soaked beet pulp is ® 
good preshow filler 

Special tonics for show cattle are not necessary and may contain habit 
forming drugs Healthy well fed animals do not need patent medicines, 
whereas sick cows need veterinary attention and not a cure all 


Unless the animal is well enough trained to be posed easily and respond 
quickly to the commands of the showman it may not receive proper aiten 
lion from the judge (Figure 17-6) 

Show animals arc led with the nghi hand When one is ready to stop and 
pose his entry the strap is changed to the left hand and the showman turns 
around facing the animal By gentle pressure from the halier strap and the 

Ircchand a good showman can move the entry forward backward or side 

wa>s making u hold the back straight and stand squarely on all feet The 
carclul showman always knows where the judge is and attempts to present 
the best view of his animal at all times When it becomes difficult to hold 
“ desirable pose it is well to lead n out of line around and 
always should be shown with a staff unless two 
attendants are available In this case two straps may be used 



MARKETING CATTLE 


275 



Figure 17-6 Well trained show animals are essential (Courtesy Ameri- 
can Jersey Cattle Club) 

Monetary Value of Body Type 

Evaluation of body type is explained in Appendix B Various studies 
have been made on the effect of type on production All have shown some 
advantages for animals of meritorious body conformation however, since 
animals with the best body type generally have been kept m the best envi- 
ronment the value of such studies is questioned 

Recently a study of animals in the same herds was completed on 45,000 
Holstein cattle with official production and type classification records ^ 
Excellent cows averaged 480 pounds of butterfat compared to 465, 450, 435, 
and 420 for very good, good plus, good and fair classifications, respectively 
There was a difference of 60 pounds between the production of fair and 
excellent cows If one should attempt to predict the performance of cattle 
similar to these from type scores, the chances are that the prediction would 
vary from actual production by more than the entire difference between fair 
and excellent cows This indicates that type has little to do with actual 
producing ability 

The most highly correlated part of individual scores for type and milk 
production is dairy character This has been subject to criticism because 
most good catilc have been judged when in heavy production NaturaJl) 
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they NNcre lean and angular in appearance t 

‘'There seems to be hltle doubt that producing ability and “P' 

pearance ot dairy cattle are related to only a small extent A r 
by U S D A personnel' showed that type classification was about ,o 
effective for estimating producing ability as was one ° 


Also if both type and production are desired, it is necessary to 


each as separate components 

A further analysis of records showed that type had little cucct on g 
uy This comes as a surpnse It seems logical that such things as u 
attachments and strength of legs would markedly afTeci useful ^ 

IS logical that unsound structural development of cows should lea 
shortened life, hut the present score card is not adequately dcsignc o 
implicate all such individuals 

These critical studies conducted on the effects of body type were ncccs 
sary and commendable, and the information they provide is fundamenta to 
a sound business approach to dairying They do not condemn a brcc mg 
program which emphasiaes type, but merely point out the limitations o 
type as an indicator of other traits 

Still, type plays a \ery important role in the cattle business Since ap* 
pearance is important m the merchandising of automobiles, homes, cloth- 
ing, and other products, u is not surprising that beautiful cattle are wort 
more than unattractne ones 

A summary of the auctions of Holstein cattle' showed the price of classi- 
fied animals to average S521 00 as compared to S381 00 for unclassified 
cattle Females with production records averaged S462 00, whereas those 
without records and from nontested dams averaged S381 00 It appears 
that classification information influenced sales prices at least as much as 
production records did Thus type and production both are of primary im 
portance particularly to the breeder of purebred cattle 


RECORDS 

In order to maintain adequate records, some type of production testing 
IS essential The Official Test and Herd Test systems are used exclusively 
by purebred herds As explained in Appendix C, however, various systems 
of testing are available 

In addition to their value as guides to management and indicators of the 
efficiency of production accurate records help one to evaluate the genetic 
ment of cattle These records, along with pedigrees type classification 
scores the records of close relatives (especially offspnng) together with the 
records of the condiiions under which production was determined affect the 
value of cattle for breeding purposes A record of breeding and calving 
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dates is necessary for efficient management. Caiving should be planned so 
that a large percentage of cows will be fresh during the base period. 

Health records are particularly important because no one wants to en- 
danger the health of his cattle by bringing a diseased or disease-carrying 
animal onto his farm. Moreover, dairy cattle should be tested for tuber- 
culosis, paraiuberculosis, and any other suspected disease, and should be 
vaccinated against brucellosis and black leg at least. Generally it is under- 
stood that cattle offered for sale are capable of breeding. One way to insure 
this is to have females pregnant. 

The cost of feed accounts for about half the cost of running a dairy, and 
should be recorded carefully. Since many feed products are processed sea- 
sonally, substantial savings can be made if the entire year’s supply of such 
Items is booked during the production season. 

Machinery is expensive to purchase and maintain. Very likely machines 
are used with greater frequency on dairy farms than the same implements 
would be employed on general farms. Since the average longevity figures 
available for machines may not apply to the dairy farm, individual records 
are especially important Depreciation can be handled by use of a sinking 
fund. Such a fund is a savings account which is designed for accumulation 
of the correct amount of money for replacing equipment as needed. The 
sinking fund shown in Table 17-3 shows how much to set aside to replace 
each $100,00 asset at the end of its expected useful life 

Table 17-3. A Typicol Sinking fond Showing 
Amounts to Save ot Two Proctical 
Interest Rotes to Replace a Hun- 
dred Dollar Asset at the End of 
Specified Times 


Years 

Interest Rotes 

4% 

5 % 

1 

$96.15 

$95.24 

2 

49.02 

48.78 

3 

32.03 

31.72 

4 

23.55 

23.20 

5 

18.46 

T8. 10 

6 

15.08 

14.70 

7 

12.66 

12.28 

8 

10.85 

10.47 

9 

9.45 

9.07 

10 

8.33 

7.95 

15 

4.99 

4.63 

20 

3.35 

3.02 
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Smce interest rates and the life expectancy of equipment vary, it may 
necessary at times tor one to calculate his own sinking fund 1 his 
complished easily by use of the followint, formula 


be 

ac 


Amount to sa>. c per > ear 


total needed ■ 


.)■ - 1 


where! mterest rate and a number of years c nnnnO 

Example A dairy manager plans to replace his tractor valued at Sa 

in ten years Assuming interest at the rate of 4 per cent is 
required annual deposit (the amount to save per year) wou 
be determined by substituting this information into the formu a 
as follows 


Annual Deposit - SaOOO 00 — 


(1 + 0 04 )**^ - 1 
004 


Although the solution can be obtained by ordinary longhand arithmetic or 
by logarithms the answer m this case can be determined quickly from 
Table 17 3 as follows S8 33 x 50 ~ S416 50 The answer is not exact 
because the values m Table 17 3 have been rounded 
The co»t of labor depends largely on planning As a rule however it 
accounts for over 30 per cent of the total expense Since many farms arc 
located close to large cities taxes on dairy farms arc likely to be high and 
to constitute an expense which must be recorded Insurance can be mini 
mizcd by maintaining ihe safest operation possible 

Dairying is an expensive type of farming since a number of temporary 
crops may be employed to stretch the forage supply over a large part of the 
year Careful soil testing and the use of recommended varieties of pasture 
plants help keep these costs in line with the value of the products Records 
arc nccessaiy for the best decision as to what, where and when to plant 
Moreover some dairymen must decide whether to plant at all or to pur 
chase all of ihcir feed including roughage 
Other records include costs of raising calves breeding maintenance of 

buildings and such other costs and assets as apply to business in general 
W hereas a large number of items must be recorded not all have to be con 
sidcred daily and various simple svstems are satisfactory In some states 
clwtronic s> stems for all computations are available at little or no cost to 
the farmer through extension services Such services are available com 
mcrcially almost everywhere at reasonable costs Electronic record keeping 
IS likely to be used widely by dairy managers m the future Careful records 
and a consideration of esiabhshcd sacmific principles arc of ever increasing 

importance lo sound business policies 
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REVIEW QUESTIONS 


Note; The qucstjons may be used either at the time individuaJ chapters are being studied or 

as a general review after the text has been completed. In cither case, corresponding refer- 
ence to the Integrating Discussion (page 293} will be helpful, as it provides a review of the 

pnnciples developed in the text 

Chapter 1 

1. What is the strongest impulse in nature? The second strongest? 

2. In what way may the associative faculties of the cow be detrimental to produc- 
tion and reproduction. 

3. Why is a domestic animal more likely to have a physiological problem than is 
a single-cell organism’ 

4. How may the hormone desoxycorticosterone help a stressed animal? How will 
this affect milk production? 

5. Why is the normalcy which is attained during the stage of resistance considered 
artificial? 

6. How does continued exposure to stress affect the body’s store of adaptive 
energy’ 

7. Explain the principle of homeostasis by reference to body weight. 

8. How can the conditioned reflex be useful in dairy cattle management? How 
may it be detrimental? 

Chapter 2 

1. Why is the cow a more logical animal for dairy use than is the marc’ 

2. What type of tissues line the various stomach comparimcms’ 

3. What advantage has an animal with a rumen over one with a wcll-dcvclopcd 
coccum? 

4. What general types of microorganisins arc found in the rumen’ 

5. 3Vhy is the quality of dietary proteins not considered m feeding dairy cattle’ 

6. What arc the functions of the reticulum? 

7. What IS the main difference between the anterior and posterior parts of the 
small intestine’ 

8. What arc the functions of the large intestine’ 

9. What IS the purpose of the esophageal groove* Mow may it create a special 
veterinary problem in older animals, and how ma> the problem be solved’ 

10 Why IS starch digestion in the rumen an imporlant function* 
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REVIEW QUESTIONS 


Chopter 3 

1 UhatisafccdsiuiP \ nutrient’ . 

2 \S hat docs TDN treasure’ hat arc other nays of expressing the same q 
itv’ 

3 What IS the nutntise ratio and why is il important’ 

4 Howdowcknow that SDA is not merely energy used m digestion’ 

a How does Rubners experiment with protein utilization by the dog app Y ° 
modem dairying’ , 

6 How did Kleiber suggest charging the system for replacement feed va ucs 
Why’ 

7 W hat are feed ng standards’ W hat is their purpose’ 

Chapter 4 

1 W hat IS the Van t Hoff law’ How docs it apply to metabolism in cold blooded 
species’ Warm-blooded species’ 

2 Explain why cattle find relief from hot weather by sunding m water 

3 In what way docs the moseroeni of air help m keeping cattle from becoming 
uncomfortably hot’ 

4 How might radiation tnfiuence the body temperature of cattle in the open 
Inside bams’ 

3 In what wa^s must air conditioning systems for catUe bams differ from con- 
sentional mitallations’ 

6 W hat is the zone of thermal neutrality’ 

7 How does humidity affect the comfort of animals during hot weather’ 

8 Since many physiological factors adjust auiomatically to help cattle adapt to 
hot weather why are productue processes often inhibited during the summer’ 

9 Why u ihe water supply a particularly important factor in summer comfort 
for dairy cattle’ 

10 W hat effect does plane of nuintion exert on heat tolerance in cattle’ 

11 W hy u overfeeding particuUrly serious in ihe summer’ 


Chopttr 5 


1 ''hy docrvironmcntal lemperaiuresaffect dairy cattle differently from horses’ 

y might the SDA of a given feed be considerably smaller during the winter 
titan dun g the summer’ 

3 Wty cjtUe la, q.J, thjled ibai. horK,> LndCT vhat comimoiu »re 
th^ easily chilled’ 

4 W hat are ih< main purposes of s‘'dier for cattle’ 

ihjfv r * ^1*'^**°*'* tattle be more comfortable outside in the winter 

ihanwh^eistab ed’ 


7 relative huTidiiy a'^ect the winter comfon of cattle’ 

j rtown as good cold-weathcr ammais why do sudden ci 

“? practices be used to prevert winter slump in nul* productioi 
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Chapter 6 

1 What are the general components of a normal bovine udder’ How many glands 
are included’ 

2 How do we know that some milk proteins are not simply blood proteins which 
have passed through the alveolar walls’ 

3 What IS meant by “selective filtration’” 

4 How can we be sure that all milk sugar is synthesized by the tissues of the 
udder’ 

5 How does the fiber content of the ration influence the fat content of milk’ 

6 What determines the content in milk of Vitamins A, D, and E’ Of Vitamins 
B Complex, K, and C’ 

7 What causes milk to be let down’ 

8 How may epinephrine interfere with normal let down of milk’ 

9 How do undesirable feed flavors get into milk’ How can the herd manager 
help eliminate the problem’ 

10 Describe the preferred way to dry off a cow and explain why it is recommended 

1 1 How does leaving the milking machine on too long cause udder irritation’ 

12 Describe the proper way to remove the milking machine from the udder 

Chapter 7 

1 How does stage of maturity at harvest affect nutrient content of forage’ 

2 How does nitrogen fertilization affect the botanical composition of legume- 
grass pastures’ 

3 How does pasture stocking rate influence yields of milk per acre’ per cow 

4 In what way docs pasture renovation affect the soil’ the plants’ 

5 How can fertilization and mowing help control weeds in pastures’ 

6 Under what conditions may grecnchoppmg be feasible’ How may it help main- 
tain high levels of production during hot weather’ 

7 What arc three systems of pasturing now in common practice’ 

8 What managerial factors arc involved in using portable electric fences’ Suggest 
a plan for handling them 

9 How can the principle of conditioning be employed in using the electric fence 
Chapter 8 

1 Plants to be ensiled must contain sugar and nutrients in amounts suincient to 
achieve what basic objectives’ 

2 For ensiling, at what stage should one harvest hay crops corn oats 

3 What happens to the initial oxygen which is trapped in the silo’ 

4 How docs the osmotic pressure of the material to be ensiled influence the qual- 
ity of the final product’ Why’ 

5 What qualities should one look for m silage* In plants to use for cniilmg 

6 Howmighldiurnaltanalionmllucneclhequiltl, ofsilage 

7 Wh> IS speed desirable in completing the mechanical phases of silage mating 

8 What arc adnnlages and disadvantages of partial field dr>mg of forage which 
IS to be ensiled’ 
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9 If free cho.ee of silo t>-pe and prescr>atnc is possible, how would the moisture 
content of the forage influence ) our deasion’ ^ 

10 How docs mechanical rupture of the plant cells influence the ensiling process 

It WhatisAIV silage’ What is us pH’ What chemical reactions arc imohed 

m making A I V silage’ 

12 Is use of absorptive concentrate feeds as silage preservatives particularly ex 

pensive’ ^^('hy’ ^ 

13 \\ hat IS the most outstanding advantage of the gas-tight silo’ the trench silo 
plastic silo’ 

14 \Shy IS ventmg silos important’ Discuss two ways to accomplish venting 
sealed structures 

15 Wliat IS the function of the torpedo in tub silos’ 

16 Discuss special problems which arc pertinent to fllling bunker silos 

17 Using Tables and 8-2, calculate the amount of silage remaining m an 
18 X 40 foot tower silo containing 20 feel of silage if at the beginning of the 
season the settled silage w as 37 feet deep 

18 What special problem is involved in loading high moisture gram into tower 
silos’ What matenaU and methods can be used to avoid the usual trouble’ 


Choptar 9 

1 Why does drying preserve the nutnenis in forage’ 

2 What changes, other than in moisture content, occur during curing of hay’ 

3 NV hat qualities do ) ou expect to find m good hay’ 

4 What Actors determine the value of forage plants to be used for hay’ 

5 Discuss the comparauv c advantages of sdage and hay 

6 W hat effea does rain hav e on forage which is freshly cut’ partially dry’ 

7 W hat types of machines are used for conditioning hay’ W'hat is the principle on 
which they operate’ 

8 Desenbe three different machines which can be used to harvest hay, and discuss 
the relative merits of each 

10 Discuss Ih.relatim merits of lach 

y grinding or pelleting improve the nutniive value of some roughages’ 


Chapter 10 

1 JVhai pmUrra m.shl ansr from Ihr use ol bulky concemratrs as a subsIiluK 
tor roughage’ 

2 W hy are concentrate feeds necessary’ 

problems face the manager in using concentrates to supplement 
succulent pastures’ 

* maMVi'vi” “concentrate" used m the feed and animal indus- 

inei' Is this Classification an t:- . 


inclusive’ Explain. 


^ Eaplaim Under wha. coud.t.ons u 

6 M J oixlurrs’ 

Uhyi ^ amounis of wheat bran to cows on succulent forage' 
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7 Why are some protein sources more valuable to cows than arc otlicrs^ Why is 
this difference less pronounced m ruminants than in monogaslric species^ 

8 What are the common minerals used in dairy cattle feeding^ What arc the 
trace minerals’ 

9 What are stock foods’ Under what conditions might they be harmful’ 

10 What is the mam purpose and mam limitation of feeding standards’ 

11 What determines whether feed mixing should be done on the farm or mixed 
concentrates should be purchased’ 

12 How many parts of oats and how many parts of a 45 per cent protein supple- 
ment would you use to make a 17 per cent protein mixture’ 

13 How could one cause mineral deficiencies to occur in his cattle by ovcr-fcrtihz- 
ing pastures’ 

14 How does continued use of trace mineral supplements influence the future 
needs of the herd when the same pastures are used for long periods’ 

15 Why does copper have to be supplemented at very high levels when the feed 
IS raised on peat soil’ 

16 What is a safe limit in percentage of feed which can be supplied by concen- 
trates’ 

Chapter 11 

1 How are practices of dairy sanitation influenced by the nature of the cow’ the 
product’ 

2 Since so many good disinfectants arc available, what factors other than cleanli- 
ness determine the effectiveness of the common disinfectants’ 

3 Why IS cleanliness of primary importance to sanitation’ 

4 Under what conditions arc submerged valves in the cups from which animals 
drink a threat to sanitation’ 

5 What is milkstonc’ Where is it likely to be found^ How docs it affect bacterial 
counts of milk’ 

6 Where in the dairy is lye recommended’ What docs it do’ In what ways could 
It be harmful’ 

7 How do wetting agents help in dairy sanitation’ 

8 What IS ihc greatest advantage to using hypochlorites’ What is ihc greatest 
drawback in their use’ 

9 On what type of surface arc the crcsyhc materials u>cd’ Tor whai surf ices are 
they not recommended’ Why’ 

10 What matcrnlsarcuscdforwashmgllicuddcrsof cows' Discuss iheirrclamc 

merits 

1 1 What arc the properties of an ide il water supply ' 

12 What arc the clictnic il fund ions which occur in cleaning’ 

13 Whit arc two methods of suficnms w iicrand which is preferred 

14 \\ hat use is m ulc of icids in <1 »»r> smu iiioii' 

Chapter 12 

> ^^oml>hll wunoin.) .,iir ..1)1 iiii licl|i xilh jmiiul hrjilh 
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3 How IS sanitation related to the general healthprogram’ ^ 

4 What may be wrong when a cow is found lying down and unable to rise ^ 

5 What metabolic derangements occur often in dairy cattle’ What causes t em 

How are they treated’ 

6 What IS hardware disease’ 

7 Why IS staphylococcal mastitis thought to be on the increase’ 

8 How can oil help relieve a bloated animal’ 

9 How other than by the breeding process are diseases affecting reproduction 
likely to be spread’ 

10 In what ways might rough handling of cattle contribute to mastitis’ 

11 What factors make first aid to poisoned animals difficult’ 

12 What is the purpose of medicated feeds’ Under what conditions could they be 
harmful’ 

13 How may vaccination help maintain a healthy herd’ How could it be harmful’ 


Chapter 13 

1 Discuss the effects of reproductive performance on lifetime production of milk 

2 \t what part of the cow s esirus cycle is it best to breed’ Why’ 

3 Discuss the cause and effects of cystic ovaries 

4 Discuss semen handling methods which prevent shocking of the sperms 

5 What per cent of a normal bull ejaculate is likely to be (a) secretions from the 
epididymis’ (b) secretions from accessory glands’ (c)«perms’ 

6 What are properties of a good semen extender’ 

7 Why must milk be treated before it can be used to extend semen’ What treat 
ment is used’ 

8 What is the function of glycerol in frozen semen’ 

9 What method is recommended for artificial insemination of cattle’ Why’ 


Chapter 14 

1 Discuss prepartum feeding of pregnant cows 

2 \Nhai factors are involved m determining whether one should raise his own 
replacements or buy them’ 

^ cl crealcd htalih problems m raising dairy 
^ MC necessary to preiem digestive upsets in young 

’ nal'c'd" ulyi'’'’'' “B' "-“V " *>' 

6 How old should the can be at weanmga 
^ W hal propeities mult calf housing possess’ 

8 \t 1 . hat age can calves be turned onto pasture’ 

pajp, * * raising of cahes for seal mature beef and bufls for breeding pur 

10 'ivihat age should heifers be bred’ 
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Chapter 15 

1 How does the independent assortment of genetic factors affect the predictability 
of any particular mating^ 

2 What must the breeder do in order to make the greatest improvement in milk- 
producing ability from his herds through breeding’ 

3 Explain the difference between qualitative genetics and quantitative genetics 

4 Discuss the contribution that a superior dam makes to a herd through her 
daughters as compared as to that which is possible through a superior son 

5 Discuss the effects of environment m the selection of breeding stock 

6 Discuss three different systems of breeding 

7 How can the records of various animals be standardized for comparison’ 

8 Discuss the relative merits of type and production in a dairy cattle breeding 
program 

9 Discuss the practicality of culling the offspring of low-producing dams 

Chapter 16 

1 Discuss factors involved in the planning and location of dairy structures 

2 What are the general characteristics of automation’ 

3 Discuss the effects of forms in which feed is to be stored on the type of structures 
used 

4 Discuss lighting problems for dairy barns 

5 Discuss methods for ventilating barns m which cows are housed continuously 

6 Describe various methods of cleaning dairy barns 

7 Describe and discuss three different types of stalls used in modern dairy barns 

8 How do modern milking parlors differ from those used originally’ Why has 
the design been changed’ 

Chapter 17 

1 How should market conditions influence one’s decision in selection of a breed’ 

2 Discuss the feed cost of whole milk in relation to its fat content 

3 Discuss the plane of nutrition as it affects the net efficiency of milk production, 
as It affects the gross efficiency of milk production 

4 Discuss three methods of marketing cattle 

5 Why should the show herd be selected at least several weeks before animals are 
to be shown’ 

6 How does use of the blanket affect the physiology of the cow’s skin’ 

7 Discuss feeding the show herd 

8 Discuss the monetary value of body type 

9 What IS a sinking fund and how can it be used in dairy cattle management ’ 
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INTEGRATING DISCUSSION 


Note Chapter references extending the principles presented herein are placed in 
parentheses for easy reference to the laWe of contents where specific page num- 
bers are given for each main section m the book To further facilitate reference 
to the text, the main-section headings listed in the table of contents are carried 
as running heads at the top of each right hand page in the text For more spe- 
cialized information, consult the index 

In many species there is a digestive organ for soaking and fer- 
mentation of rough feedstuff's In the cow, this compartment, the rumen^ is 
structurally placed so that it is the first compartment to receive the swal- 
lowed feed Thus the predigested feeds are subjected to further action by 
the entire digestive tract (Chapter 2) Hence, the cow is the economically 
feasible animal for the bulk of the world’s milk production 
Almost half the expense of dairy production is accounted for by the feed 
Since overhead, labor, and other fixed costs are the same m poorly and well 
fed herds, liberal feeding is essential On the other hand, the utilization 
of nutrients is subject to the law of diminishing returns, and overfeeding 
to the point where lactating cows gam weight is extremely wasteful The 
obvious feed for ruminants is leafy roughage, immature plants being the 
most nutritious However, if forage is to be preserved, the process should 
be as fast as possible, regardless of whether hay or silage is the product, 
because continuing metabolism can deplete nutrients even m cut plants 
(Chapters 7-10) 

Good cattle arc, of course, basic to any dairy program The proper kind 
of animals can be bred, though progress made through grading up is sub- 
ject to diminishing returns Thus whereas a poor herd ma> be improved 
by hundreds of per cent in a fcv> generations, very good herds can be im- 
proved only slowly by breeding for the best results in an> program of 
herd development, selection of breeding stock must be based mainly on 
mtk pToducUon, as dairy characicr comes closer than an> other conformation 
factor to indicating productive merit In contradistinction, t>pc seems to 
be only sUgluly correlated with producing ability (Chapter 15) 

It IS well known that production and feed records arc necessary m the 
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evaluation of any cow (Chapter 17) Ilms health and other records arc 
vital, for in many instances of low production records there arc extenuating 
circumstances This is graphically illustrated by the fact that approxi- 
mately half the animals which leave most herds arc culled because o 
sterility Usually, about 20 percent of a herd is culled each year 

Cattle may be housed in stall barns or in loose housing systems (Chapter 
16) This involves facilities for feeding breeding, veterinary attention, 
resting, and care of the milk Although van itions arc possible, automation 
IS essential to the success of all of them 

Cattle must be handled gently according to a regular routine Otherwise, 
stress factors (Chapter 1) may drastically afleci the functions of production 
and TipToduction However, the milking interval need not be the same for 
morning and night For example, milking at 10- and 14-hour intervals 
seems to cause no harm as long as the milking occurs at the larne tune each 
day (Chapter 6) 

Moreover, sudden changes in weather (Chapters 4-3) cause production 
losses because the cow needs time to adjust her body functions Since the 
cow’s skin 1 $ dry, she is protected from cold weather unless blowing rains 
are involved However, sudden cold can cause production losses unless 
extra feed is supplied Protein feeds are especially good for providing 
heat because of their high SDA (Chapter 3) On the other hand, because 
high protein feeds cause overheating during hot weather they should be 
avoided at this time Fibrous feeds likewise cause overheating because of the 
heat of fermentation Moistening the skin and providing a gentle breeze is 
the easiest way of keeping cattle comfortable during the summer 

In rnany areas, calves frequently can be purcliased at a price less than the 
cost of raising replacements (Chapter 14 Chapter 1 7) The practice of pur- 
chasing replacements precludes the possibility of a breeding program 
u involved in raising calves are higher than they 

should be, they can be cut by observing a few simple principles 


(I) Feed pregnant animals well The research on ihis point is not conclu 
sweat present but a high protein high mineral nonfaticning ration 

^ generally I, recommended 

(4) Breed grow.hy herfer. cal.e a, ,w„ year, of age 


or vy.,h rurtural service or by means of fluid 

auronZeZre'S'”'" -membered ivuh 

The cows^s'hould h* cstrus the heat period, shortly after it begins 

cows should be obse„ed freqoemly without the.r knowing it, if pos- 
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sible Anything which causes general excitement makes estrus difficult to 
detect This applies especially to heifers 

Most cows stay in heat about 14 hours Individuals vary from 6 to 36 
hours, however, so the length of estrus that is characteristic of each cow 
should be recorded This will enable the dairyman to know whether to 
breed her at the first sign of estrus or to wait In most domestic species, 
the end of estrus signalizes the shedding of the egg from the ovary In the 
cow, however, ovulation occurs about 14 hours after the heat period has ended 
Since both the sperm and the egg will live only a few hours separately, it 
is important that insemination take place during the last part of the estrus 
period 

Semen which is collected commercially is kept scrupulously clean and is 
treated to inhibit bacterial growth The inseminating equipment must be 
as nearly sterile as possible, since bacteria can destroy the effectiveness of 
the semen 

Sperm cells are delicate and should never be subjected to rough handling 
Pulling them into the inseminating tube too quickly may break the tails 
off Exposure of semen to direct sunlight or to various chemicals, including 
soap and sulfur, will make the cells useless 

Fresh semen should be stored at about 40*F and used while still at that 
temperature Frozen semen is stored at — 1 10*F or — 320*F Dry ice, liquid 
nitrogen, or a special two-stage refrigeration system is employed to main- 
tain the low temperature The semen is thawed by being placed into 
crushed ice or ice water, and should be utilized as soon as it becomes liquid 
Based on these fundamentals, the following check list was devised for use 
by herd managers and technicians 

(1) The herdsman should 

a Find ecus in heat, determine when ihey should be bred, and noiify 
the technician 

b Keep the cows which arc lo be bred as calm and comforiablc as 
possible and awa) from the herd 

c Provide a shad> place for breeding 

d Wash the cxtcrml portion of ihc rcproduciwc organs of the cow 
just before breeding 

(2) 1 he insennmtor sliould 

a Keep semen out ofdircci sunlight 

b Keep equipment clean Wash equipment with a detergent (not 
soip), rinse tn tap water, then rinse three times in disnIJed water, 
and dr> in a dusi-frec place 

c Use 5-mtn inscnuiiaiing tubes for heifers and larger ones for mature 
cows 

d Use mineral oil or other nontoxic substance for lubrication 
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(3) Boii rubber equipmer: which touches sperm in soda water to neutral- 
ize res dual sulfur 

(4) Handle semen carefully to avoid physical shock 

All present-day milking machines (Chapter 6) operate by a double 
vacuum system, and the vacuum on the teats is continuous Pulsating 
vacuum in the teal cup shell causes the inflation to massage the teat 
ever, if any part of the machine is out of adjustment, mastitis is an almost 
certain consequence . 

Milk IS one of the most perishable foodstuff's, and sanitation (Chapter ) 
probably is more important m the dairy than anywhere else Facilities for 
cooling milk and keeping it clean arc essential Automation can be utilize 
but constant inspection by competent personnel is fundamental to adequate 
sanitary practices 

The cow IS a rather aniBcial organism, having been bred for many-fold 
the production intended by nature (Chapter 15) It is no wonder that the 
balance between profitable production and financial loss is upset easily 
(Chapter 17) Only carefully trained personnel who enjoy animals should 
be allowed to work m dames 

The udder (Chapter 6) of the cow weighs 2? to 50 pounds and may con- 
tain that much weight as milk Thus the supporting structures of the udder 
are of paramount importance The duct system is a permanent part of the 
udder, but the milk-sccreting tissue disappears each lime the cow is dry 
and must be regenerated during each pregnancy Since the udder is deli- 
cate, the equipment and procedures employed in milking must be the best 
available Mastitis costs American dairymen a quarter of a billion dollars 
annually, ant the use of antibiotics has not reduced the incidence Careful 
management is necessary to keep this disease at a minimum (Chapter 12) 
Other diseases of dairy cattle likewise can be prevented through the co- 
operation of the herd manager and the vetennarian 


Almost all progress in the science of dairying has occurred during the 
last century A large percentage of present knowledge of the underlying 
principles has developed since World War II Information from research 
IS accumulating m an exponential fashion, and one might look to the future 
with optimism Yet many problems remain unsolved 

What mi k qualities should wc breed for’ If the present trend continues, 
in.lk fat wJl become \ess valuable and protem more valuable 

Some researchers feel that if mieract.ons between environment and 
heredity prove to be very important, it wdl be desirable to develop special 
e s lot each ebraate However, improved facdities for keeping callli: 
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comfortable possibly will eliminate the need for this As automation con- 
tinues Its advance, this will be accompanied by changes in materials for 
ease of handling 

It IS worth noting that paiatability of feeds need improvement More- 
over, unless a means of allowing cows to consume required amounts of feed 
while in the milking parlor is devised, bunk feeding by similar groups may 
develop The relative economies of such systems should be determined 

Calf nutrition and management need further research The role of fat 
should be re-examined, with some emphasis on optimum fat levels in calf 
starters Protein quality, as well as other factors m optimum protein 
levels m calves, needs further work Since calfhood mortality is still too 
high, additional research on preventive medicine is desirable Perhaps, 
better immunizing agents will be developed and combined into one shot 
Also, heifers may be immunized against mastitis and various reproductive 
diseases before entering the milking herd 

It is quite likely that the producing ability of dairy animals can be deter- 
mined during calfhood At present udder palpation is being employed with 
some success, and the breeding researchers may find a better tag Methods 
for evaluating the genetic qualities of bulls at earlier ages also are needed 

Chemicals and radiation for changing genetic structures have not been 
successful m dairy cattle Yet this possibility remains Researchers in 
biology have transferred genetic traits from one bacterium to others by 
exchanging the desoxyribonucleic acids (DNA) 

The size of animals can perhaps be regulated by the administration of 
hormones Possibly, metabolic functions can be governed in this way, 
though to date such attempts have not been encouraging Since methods of 
measuring glandular secretions and functions of internal organs arc at 
present being delineated, the breeding programs of the future may be based 
on metabolic structures as well as gross appearance and production rec- 
ords 

It is true that ovum implants have been successful in few cows to date 
This docs show, nevertheless, that fertilized ova can be implanted in cows 
during metestrum, and the techniques certainly will be perfected The A J 
technician may carry fertilized eggs rather than semen, which will mean 
that a herd can be changed from scrub to purebred m one generation Sex 
selection also seems inevitable, m laboratory animals, it already is pos- 
sible to change sex ratios from the usual 50 50 to 30 70 Dairymen of the 
future may raise heifer calves from perhaps •lO per cent of their cows im- 
planted with ova from a donor cow of their choice, fertilized by the bulls of 
ihcir choice The other 60 per cent could be implanted with high quality 
beef zygotes Super ovulation may be induced in exceptional cows ind 
their ova transphnicd in large numbers of brood cov%s Thus an ouisi mil- 
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,„g covv s mfluen^c will not ncccssar.l> be .hroDgh her sons, cow-family 
breeding systems ssill take on ness meaning and progress svtU 

The allied trades and professions that serve the dairy indusines 
coordinate activities to keep pace with the limes Thus the 
should stnve for development of animals with ability not only to pro u 
well but to do so under the conditions (feed and other cnvironmenta ac 
tors) provided As cattle are bred to use roughage efficiently, it will c 
incumbent upon the agronomists to supply such feeds as well as more 
nutritious grams 

The pest control workers must know how to control rodents and insects, 
but not at the cost of lost production, or undesirable flavors or harm u 
residues in milk The nutritionist will need to devise rations that the ee 
manufacturer can formulate, mix, and deliver easily, utilizing devices de 
veloped for these purposes by engineers Disease prevention and contro 
programs must be devised within this general framework by veterinarians 
Finally, it will be necessary for the husbandman to coordinate all these an 
other techniques into a sound management policy 


Since research now in progress will produce additional knowledge, the 
dairy cattle manager should never rely entirely on any textbook It seems 
reasonable, however, to expect one who likes cows to be a successful herd 
manager by applying the principles explained m this volume 
The appendix material that follows gathers the most widely used stand* 
ard management guides together for easy reference Cross references to 
information in the text that is useful in evaluating these guides is provided 
with the individual appendix when pertinent 




THE DEVELOPMENT 
OF THE BREEDS 


TilE M \JOR BREEDS OF DAIRS CATTLE WERE DEVELOPED IN EUROPE 
Cattle were brought to America on the second voyage made by Columbus 
On subsequent voyages most of the early settlers brought dairy cattle from 
their native homes For the most part, quality deteriorated for many years 
because of indiscriminate mixing with the native cattle Between 1860 and 
1880 there was considerable interest in importing carefully selected cattle 
from Europe This was the foundation stock from which most of the pres- 
ent American purebred cattle descended There are now five major breeds 
in this country 


Breed Types 

Ayrshire Ayrshire cattle were developed in the county of Ayr m south- 
western Scotland This part of the country is very hilly, and much of the 
land IS devoted to pasture Ayrshires have been imported into the United 
States since 1822 These Scottish cattle are inclined to be of stocky build 
Generally, they are a mixture of red and white in color, sometimes shading 
to a rich mahogany The udders are especially symmetrical and well at- 
tached to the body The horns usually are widespreading and tend to curve 
upward and outward At present, over half the Ayrshire cows in the United 
States are dehorned A polled strain is increasing in popularity O" 
farms, Ayrshire cattle should be expected to produce as much as 10,000 
pounds of milk annually per cow The average butterfat test is about 4 00 
per cent Mature cows weigh approximately 1050 pounds and bulls weigh 
1500 to 2000 pounds Animals of this breed tend to be somewhat nervous 
and high strung They are highly animated and usually make an especially 
favorable appearance They are known to be extremely good grazers 

Brown Swiss The Brown Swiss breed was developed m the northern 
and eastern Alps of Switzerland In this area the cattle are housed m 
valley farmsteads during the winter and pastured m the mountains during 
the summer After approximately 200 Brown Swiss were imporled, out- 
breaks of foot and mouth disease on the comment resulted m quarantine 
regulations which curtailed further shipments These animals are particu- 
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larl, strong and FUggedyA . cm ^ 

.hrch ,s rs serylood often excecd.ng 

pounds — .e 

parttcularli unexcitable and mote about tn a sluggish manner V 

^'Ve::e;'"Ss™tfrg:L.ed on the ts.and of Jersey m the 
English Channel Laus presenting the introduction of catUe ^ “ 

for Other than immediate slaughter were passed in 1789 The first J y 

^^erc imported into the Lnited States in I8a0 A large portion of the Jer 

sevs arc solid fawn m color however individuals vary from light cream 

dark brown and black Mixtures of white with the other colors are not 
unusual Pigmcnta ion of the nose and tongue usually is black and o ten 
the switch IS black Mature cows weigh 800 to lOaO pounds and the weight 
ofbulls ranges from 1200 to 1600 pounds Good cows often produce 
9000 pounds of milk with buticrfat tests of a 3 per cent or better Ihc 
Jersey is an animated t> pc of animal though not particularly nervous This 
breed ranks among the best in ability to forage 

Guernsey The Guernsey breed onginated on the English Channel 
islands of Guernsey \lderncy Jethro Sark and Herm Alderney was 
evacuated during World War U but later was restocked with cattle from 
Guernsey Guernseys were introduced into America m the later part of 
the I8ih Century under the name of Alderney These animals usually are 
fawn and white though some solid fawn animals arc seen Muzzles and 
tongues usually arc light in color Mature cows weigh from 900 to 1400 
pounds and the bulls weigh 1400 to 1900 pounds Good Guernsey cattle 
average about 9300 pounds or more of milk annually with a fat test of 4 8 
per cent or better The milk is especially yellow in color 

HoUleirvFnesion The Holstein Fncsian breed has been kept pure for 
approximately 2000 years m the lowlands of northwestern Europe The 
first importation of registered Holstein cattle occurred in 1861 Quarantine 
against fool and mouth disease prevented further importations after 1906 
The Holstein Friesian name originated with the union of the Holstein 
Breeders \ssociaiion wuh the Dutch Fnesian Association in 1883 The 

term Holstein has come to be the abbreviated name for these particular 

animals in \mcrica All registered Amencan Holsteins are black and white 
in color Some European Holsic ns are red and white Mature cows weigh 
from llaO lo 1600 pounds and bulls from KOO to 2400 pounds Holsteins 
are not known to be particularly good grazers but they do produce huge 
amounts of milk Good Holstein cows often produce 13 OCX) pounds or 
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more annually, the average fat test is 3 37 to 3 67 per cent Holste.ns 
always have been popular in cheese and condensory districts, and their 
popularity is spreading to market milk areas, as the consumer preference 
for low fat milk is becoming more pronounced 

P.reed Associations 

Imported animals may be registered if properly identified, and the records 
of their ancestry are provided by reference to the appropriate herd book m 

their native country , j. 

Animals born in the United States are eligible for registration on y i 
both parents are registered or properly graded up for breeds having sue 
provisions 

All associations of breeds which are not of solid color require sketc es or 
photographs of animals to be registered The owner must certify the names 
and registration data of the parents, the dates of breeding, birth, and t e 
owners of the sire and dam 

The registration certificate is proof of ancestry, but does not reflect in- 
dividual merit Official records are necessary for individual evaluation 
This includes production and type classification, as well as pedigree and 
records of general health and management practices 
Associations for promotion of registered cattle have been organized by 
owners of all breeds These associations keep records in a systematic way, 
thus assuring the accuracy of pedigrees The records are kept in what 
generally are called herd books 

The registry organizations for the respective major breeds are as follows 

Ayrshire Breeders Association, Brandon, Vermont 

The Brown Swiss Cattle Breeders Association, Beloit, Wisconsin 

The American Guernsey Cattle Club, Peterborough, New Hampshire 

Holstem-Fnesian Association of America, Brattleboro, Vermont 

The American Jersey Cattle Club, Columbus, Ohio 

The Purebred Dairy Cattle Association, Columbus, Ohio 



TYPE EVALUATION 


Note Foradd tonal nformai on on th s subject see pages 27a 6) 

Jldging body conformation is of siecial interest to owners of 
dairy cattle because type in dairy cattle is very important economically 
Although It IS not possible to predict performance accurately from appear 
ance animals of the accepted conformation bring premium prices 

A great deal of judging as vveU as fitting and showing cattle is pure art 
Still even these phases of management can be founded on scientific pnn 
ciples 

There are three general types of cattle judging (1) Show rtng judging 
imolves from two to as many as ihiny animals which are placed compara 
lively Th s type of judging is used for advertising by exhibiting at fairs 
and shows It also offers an excellent means of training young dairymen 
(2) Claw/^aiton judging in\olves purebred catile on]y and is sponsored by 
the breed associations as a tool for improvement through breeding Classi 
fication scores contribute considerably to the value of fine cattle and often 
afford good advertising material Considerable publicity accompanies herd 
classifications and all scores arc recorded officially in the records of the 
club The des gnaiion of classes varies with the breed However for the 
most part 90 score points or above is considered cxcellenl and the down 
ward graduations usually are at a rate of about five points per class Regis 
tration certificates of animals classified as poor or the equivalent are 
forfciced 

(3) The third general type may be called managemenlal judging This may 
be a combination of the first two plus any other features which one may 
find useful It IS a part of the da ryman s system of selecting herd additions 
or of deciding which animals to remove The breeding program depends 
partly on this type of judging 

In the first tv%o cases show ring and classification judging use of the 
uniform score card (Tables B 1 and B 2) is essential It is helpful also in 
managemenlal judging The score card is a numerical evaluation of the 
various points considered in body conformation Perfection is 100 points 
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The student can employ the score card as a guide in evaluating various 
body components It is less useful to experienced judges, though the best 
judges must refer to it 

For classification each individual is evaluated according to the score the 
judge feels the animal merits, considering the ideal cows of the breed as 
representing 100 score card points Note that most of the points involve 
only a few items, almost 70 points can be evaluated by looking at the udder, 
barrel, thighs, and withers 

The score card may serve as an aid in organizing observations even for 
the most experienced judges Thus one may consider conformation of the 
animals in order General appearance is listed first, and is a logical place 
to start This should be judged mainly at a distance of 20 to 30 feet One 
can get an impression of the entire animal at that distance For compara- 
tive judging the distance must be great enough to see more than one animal 
at a time, otherwise comparisons would be difficult 
Some points under general appearance could be very important xn man- 
agemental judging Hence if the shoulders do not set smoothly against the 
body, the animal is more subject to injury The weakness may worsen in a 
relatively short time if the front legs are crooked Hence crooked legs could 
act as levers to pry the shoulders outward from the body Deep heels and 
straight pasterns are especially desirable because an animal which stands 
squarely on its feet needs less hoof trimming and is less likely to suffer 
accidental damage to the feet and legs 
Dairy character is judged by the angular appearance of the cow One of 
the first places a producing animal loses fat deposits is from the thighs 
Hence a very good idea of dairy character can be had from an examination 
of the thigh A look at the withers, flanks, and neck will help further 

Body capacity has to be judged from gross appearance Unfortunately, 
size IS the only way to tell from appearances and this is not always reliable 
It does account for 20 score card points 
The udder accounts for almost all of the 30 points assigned to the mam- 
niary system, many modern judges use all 30 points here The suspension 
system of the udder is very important If the teats lend to point to the sides, 
one may be reasonably sure that the medial suspensory ligament has 
stretched This can be confirmed by placing a hand under the floor of the 
odder A groove running lengthwise will be evident unless stretching has 
occurred 

Often the front glands will protrude somewhat giving a broken appear- 
ance to an udder which may actually be sound By running the thumb and 
fingers across the front of the udder, one can tell quickly whether the fascia 
3nd ligaments are intact The prominence of milk veins and milk wells and 
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udder leins are considered to have little effect on producing ability, how- 
ever, points are allotted to these features on the score card 

Scar tissues, lumps, or other abnormalities often can be discovered by 
handling the udder It is a good idea for the managcmcntal judge to see 
the udder when distended with milk If it collapses when milked, he will 
know that a considerable portion of the space inside is occupied by secre- 
tory tissues Udders which are about the same size before and after milking 
may contain excessive fat and connective (issues 

ShoW'Ring Classes and Awards 

If a calf IS born after January 1 of the year shown, it is a Junior Yearling 
Animals born after July 1 of the year shown are Senior Yearlings Older 
ammalsusually are classified as follows bull (1 year and under 18 months), 
bull (18 months and under 2 years), bull (3 years and over), heifer (18 
months and under 2 years, not m milk), cow (2 years bm under 3), cow (3 
years and under 4, cow (4 years and under s), and cow (s years and older) 
The same animals shown in open classes may be used for group classes, 
or other exhibits may be made The usual group classes are as follows 
Cclf herd consists of one bull and two heifers all under 1 year of age 
Breeder s young herd consists of I bull under 2 years old, 2 heifers under 1 
year, and 2 heifers I year but under 2 years 

Get ij sin consists of 4 animals any age sired by 1 bull, not more than 2 
bulls are included 

Produce of dam consists of 2 offspring either sex, any age, from the same 
cow 

Exhibitor s herd This class includes 1 bull 2 years or older, 1 cow 3 years 
or older I heifer 2 and under 3 years old, 1 yearling heifer, and 1 heifer 
under 1 year 

Dairy herd Four cows over 2 years old and in milk or one may be close 
to calvmg 

Senior Champiomhip All animals 2 years and older which won m their 
respective classes 

Junior Championship All animals under 2 years of age which won in their 
respective classes 

Grand Championship is competition between Junior and Senior Champion 
ship winners 

Champions arc selected in both male and female classes The animal 
second to the Grand Champion is Resene Champion 

Premier Breed iitard goes to the breeder whose animals win the most 
pnzes in single classes whether animals were exhibited by him or others 
Premier Exhibitor Award goes to the exhibitor winning the most prize 
money in single classes whether his exhibits were bred by himself or others 



Table B-1. Dairy Bull Unified Score Card* 

Perfect 

«,..J ckoracl.mM .k0»U k. .on..J...J .« H. <Vt^oko« o) lh„ ..»r. ra.J to™. 


Order of obwrvatiort ' -' 

n) GENERAL APPEARANCE , , ,, j „ii onrit and mprtt 

(AHrachy# indmdvaUly. with moieu/m.ty, y-gor, Jlrefch. ond Koft. fco/monw-J Wending oLearonce) 

L.. .1,1. =»J .o.r.oB. All f.l. o( = b.» .t.o«W b. .«n. . J.r.J » .vo/«Ab»S o b.« . o...,ol .pp.=.o«.) 

r“~Xr:,r,.TpV,b.opd..„...,.b,o^ 

to.b..d, brppd ppd p,od.,=..l, d,.h.d. bndg. ol no.. «.« ...d,.m p»d pl.bl, .=.... d 

SfiouJder Blades set smoothly and tightly ogoinif the body 

Bock stroight and strongj loin, broad and neorly level , j i ^ n,^«rk,nets Ihurls, 

«.n,p l.», ..d., opd P.P,I, l,..l bon. boPb bpn.. IP p» b»P.., d.o« «A «"d -« 

higk p.d ..d. opan, lod b.od. ... I...1 wilh hpiU... oPd I... I,«m 'p* .l•”d.r 

1... .,d f.., bon. «o. ond ...on,, pob.m. .bor, ond .boo, bod.. <l~olr P>"Pld.d ‘b"'’, .P™Poa 

ond ™,d.d „,h d..p h..l pndUl ..1. fPi. I.a.. •" “to "C b’ ,»r 

plocd H,od l,„, n,prl, p.rp.nd.oolcr Irom hp<k to pp....« (.«« 'b. «d. .»«, P"d .™'0bt from 


(2) DAIRY CHARACTER 

{Angulorily ond gtntral openness, without weakness/ f/ttdom from coorseness) . j i„„ hniket 

Neck long, with medium crest ond blending smoothly inKs shoulders, dean cut |hroot, dewlap. ^ ‘ket 
W»k.,.,.ho,p P, b., d. pppA. „b bon,. w,d.,»P,, pod long Hool., d,.p ond t.f.n.d rb.gb., ,n.or..n, .. 
Rot, and wide opart from the reor view Skin, loose and plioble 

(3) BODY CAPACITY . . , 

(Relolively large in proportion to size of animal, providing ampla€opactly,stt«ngt , on rigor , . 

Barrel .Jngly wpported. long and deep, nbs highV and widely sprung, depth ond width of borr.l tending 

Heart Girth large and deep, with well sprung lore nbs blending into the shoulders, full crops full ot elbows 
wide chest floor 

~ Totoi 

SuBscerei are not used in breed type <lasiification^_^^^^_^_^_^ 
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OUtlNSClf 
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Table B-2. Doiry Cow Unified Score Cord’ 


BraW limuW be cerWwed v ehe •ppice'ten •< 


'I e.tetav*a 


I .. ■ « r| vkper .••AO. e 




i*-v»e 

wr ifiwewiete te hrM4 wo.f* 


Wr,.. -vrw -w *4 re— 


f p.en«4, e# — — Oie«A 

■ ~~~ '•« — w« vniMuni ' i *' $ »<••* • 

* “ eo^ Vwm* tew, WwMi wia ■eii’^ m 



» 


307 




PA^TS OP A OA<KV COW 





IDEAL AYRSHIRE COW 


IDEAL BROWN SWISS COW 





BREED CHARACTERISTICS 
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Table 6-2. (Continued) 

tn^^Cha ocM'MKct (caiwinw*^ 


St,oi.9 0»d«9oro«.bv»«.<ooo. it. a~J fvs9«il>^ «f-i.«rob* 

Cehr—Sol-ibtow,<vor,^lremytrfl«^Kdo<i. Whfl. OK.«<olw .»«« *b;«««afcl. fr^oWt - hi, 

gbovtlh. vrxitn^ d Ih. UJ, «« - ih -kiw t»n ,• *-.* d. Mt cdw »»inda<d» o* th« i.-. S-»» 

w<J»BBa>.d»*»ir.e«>.r«J Ptf.k Aowtcw^d 1<M »>■«*» •♦»•• •d.d •>•>«» 

itf-Tht iMiifiHM* — 9M lot moturt co-i thovid b« oboo* >40) fc>. 

tocur«Rg o«,d mclmnj tltglillf up O* ».d«" U'P'b todu/9 toortw^W*. «ap.fift| W-Q«d l-pt foOgd < 


t. or od<olof mofi 

i btwd. ood »^«a b« 

on— ,a>t Mt borrod 


bofl, ropctty No ditcnAtootMti lot obwoc ol botnv 


outeNScr 

ood Ur— ,Qfh —fib qwoWty ood cbatoctot dotgod. 

Cdot A »Sod» o* lo«» - 1 th -Wm morkiojt tUotlp d.Fi»i.d Sl« •>.»Adthe- poU.. pdlo— p jinoMofto- Wh— \ eth«t pOM-« Q>. 

.qMl,oclMrlbuK) iiMul*-illb.lo<>or.d»Mt«iMkp«> blMk<n«it). A btiphl paid*. poW p-pwoiuahoii M rh« not. orovnd 
Ih. .Tn, HI th. ran, « ih« (KutthMii, efay.drh.uddwo.dM «h« p«Me< led M<araf.d 
iiy AmMuf. CO- m iiulk ihoyU —pN el Wm 1 100 lb.- ~l" inJh* ■*aa.>M»id cof>di««a elw Komp bm. M inA Irof. 3 t. d 

Nona— No docro^ioiieA lo. obMfit. el herra. 


HCdsniN 

lapped l-KAM^ualik«Me. elwt ce- pOHnafip HoIiim ate eod— pet 

C^o. — biodt end — lyi. lOMluapt eUoNy dedfied. Color merhoipt ihM be. le^urr er. lobd block told —^1. b^ck A t— och, block 
b— ly block raorcloip I.9 cewdioip heol Krad blodi bof. heel «e kra. o« body block efid —ho. raotoamod lo g v. color oAor fhoo 
drcnnc) block ohd —hoe. 

So.— A noho. ce- M raik thewld -»pk ol We I S30 Ibi. 
how. — Ne df^noariabo. Iw ebiwic. ol boc 


JERSEY 

Cebr— A ihed. e( lea. -ok e< -ohowi -hn. mOfkirpL 
Saw-AMh<f*<e«iAf.-lk tSoiid — ph eeovt 1000 In. 

Hene— IfwMviap, feAnod mediyf. Irapih oM •epwrip i»-ord i.pk M.dncio.nahee lor ebmc. ol heci. 


et*.pfwi^<lauob l«.l.pArM 
(1U 


EVALUATION OF DEFECTS 

i.l-gibl.a 

dopfoe ol 



wrr PACE 

SApATM MO— 

CSC«>KO EARS 
Siphr 
lAUOT JAW 
kCpM toMflOos 

SHOUUXU 
W-np-kUgW: 
lAA aniNO 
WfTtoa> 



A loppy hockail«lir. 
Of HOCNS 


uoou 

I Ikod baorkra Pepaoldlcraori. 

2. Aboof Pr«l -A [Woody ilerad -aWry> PotoW. deqralfd- 
^ Uddw deAnoely brcAra e— oy m eheckfo—ib SotMvf do- 


i. OntfTM 

hoo <a Mot lipdor): SApM to MriOi 
A bdolrahiUphldocneoioaea. 


«— » ol opporraity raool ». 

flEEAlAITM HEUEIE 

Qlfficohofi loilm pforad pf tpflo 

VrEaCONSITlOHEO 

S-pM to MTiM dorrra-oOoo. 

newcAAir Ol AiMol inaiuis 

omooT. ololylrio Mt »pAl doci 


tV10E><£ Of SNAIP PlACnCE 

1 Afwrah riM — 9 ope, ol hoMip b. 


310 



H METHODS 0 
K production testin 


The Dairy Herd Improvement Association (DHIA) program is 
open to all types of milk production operations. Each locality forms a co 
operative organization which handles finances, hires a tester, buys neces 
sary equipment, has a constitution and bylaws, keeps records, and eve ops 
a program of herd improvement. The local associations work close y wit 
county and state extension personnel and with the National Cooperative 
Dairy Herd Improvement program. There are three general plans un 

DHIA. 

1. Standard DHIA. The supervisor hired by the association calls on each 
member once each month and performs the following services. 

(a) Weighs milk from each cow for two consecutive milkings. 

(b) Determines fat percentage on composite samples for each cow. 

(c) Calculates standard feed and production records or asseinbles data lor 

central processing, which is done on a regional basis y means o 
electronic computers , , 

(d) Identifies each cow by registration number for purebre s or er 
number for grades Thus a lifetime record is established for individual 
cows 

(e) Enters records in the dairyman’s herd-record book The records in- 
clude production to date, month- and year-to-date herd tota s, tota 
and average feed cost, and income over feed cost 

(f ) Makes suggestions for feeding according to stage of lactation, produc- 
tion, condition, and feed available 

(g) Records dates of breeding and suggests drying-off dates based on ex- 
pected calving dates 

(h) Records sire, dam, sex, and birth dates of calves ^ 

(i ) Sends records to State Extension Dairymen for use in sire proofs and 


other DHIA promotions. , 

2. The Owner-Sampler Plan provides Ihe same data but the records a 
not used in the National Sire Proving program because the supervisor does 
not weigh and sample the milk , , 

The DHIA technician leaves sample bottles and recor s eets wi 
dairyman once each month The owner then weighs and samples two con- 
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seculivc m.lkmgs and fills in the record sheets His records may include 
also the amounts and kinds of feed used 

The next day samples are tested m a central laboratory, calculations 
and recommendations are assembled and sent to the herd owner, usually 
by mail 

3 The IVeigh a Day a Month plan is simpler than cither of the others 
Forms and instructions arc obtained from county extension personnel The 
dairyman weighs the milk of each cow on the morning and evening of the 
15th day of each month These weights along with feed data are mailed to 
a central office where calculations are made Records include the total and 
average feed costs and income over feed cost for the herd for each month 
and for the year 

Official tests within each stale are directed by a superintendent of official 
testing Most of these officials are on the staff of the extension service con 
nected with the State Agricultural Colleges The superintendent appoints 
supervisors to conduct the tests Usually, the same men conduct DHIA 
tests Rules for official testing have been formulated by the American Dairy 
Science Association, but the superintendent may modify them to meet 
special conditions within his jurisdiction 

In all cases where official records are made the supervisor watches each 
cow milked, weighs and tests each cow's milk for butterfai, and reports the 
results on appropriate blanks He is an employee of the state, responsible 
to the superintendent of official testing 

I he testing of whole herds rather than selected individuals appears 
largely to be replacing other methods of officidl testing When employed 
for several generations m the same herd, it provides an extremely valuable 
set of records Thus a reliable index as to the worth of a herd is established 
Dam and daughter comparisons, the effects of sires, and the value of var- 
ious managemcntal factors can be evaluated 


For herds which use regional electronic computing services DHIA 
records can be offical herd tests for purebred cattle This provision, known 
as Dairy H„d Japrairmral (DHIR) is contingent upon approval by 

the breed association concerned Under this form of testing all cows in the 
herd must be included and the test period is tor one year beginning at any 
lime Tests are made once a inonlh for a 24 hour period Daily milk 
wetghts and prel.mmary m.lkmgs are nut required hut surprise tests may 

be arranged at the discretion of the breed association 

Hird laiprcim,,,! R.giiiry (HIR) testing ts available to all purebred herds, 
and w,ll be conoucted cssent.ally as described above These records are 
no computed along w„h DHIA record, and may not tnclude rccommen- 
dations for feeding and management 
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Advanced Registry is open to registered animals which show a high order of 
dairy merit Individual cows may be tested at the discretion of the owner 
The exact requirements vary with the association but all major dairy breed 
associations sponsor some form of registration based on performance as 
shown m Table C-1 


Table C-1 Various Plans of Advanced Registration 


Breed 

Date Organized 

Title of Register 

Holstem 

1885 

Advonced Register (AR) 

Guernsey 

1901 

Advonced Register (AR) 

Jersey 

1902 

Register of Merit (ROM) 

Ayrshire 

1902 

Advonced Register (AR) 

Brown Swiss 

1911 

Register of Production (ROP) 


All forms of AR, RM, or ROP testing apply to selected animals It es- 
tablishes their value perhaps better than anything else, since there is no 
question as to the accuracy of official records Preliminary dry milking is 
required at the beginning of each test period Individual butterfat samples 
and daily milk weights also are necessary 
In addition to records for purposes of business, official tests may be pub- 
'shedin the breed journals They also are used (1) m pedigrees, (2) in 
sire summaries, (3) for individual awards (4) for class records, (5) stale 
records, (6) official news releases, (7) lifetime production credits, (8) sire 
evaluation, (9) tested dam ratings, and (10) various other purposes of 
publicity and recognition as sponsored by the breed associations 



nutrient requirements 

AC oePORTPD BY THE COMMITTEE ON 

Ex = - 

MISSION) 


Note For mtormaiion on ihc use ot ihc (ecding standard in 
related material on ration lotmulalion see pages 131j tu 
mental background see pages 18 29 


Appendix D, and for 
For a more funda 


Table D 1 Daily Nottient Requirements at Daioi Cattle (Based on Air d^r Feed 

Containing 90 Per Cent Dry Matter) 

OoljfHvf »>n«P»tAnn.ol' 


S<Mlt Lgrg* 


0 g«t< 

F««d Pf«i« n M* 

P«o«» <* 

(lb) (lU (lb) 


(lh*tm) (9m) (9m) ("9) (lU) 


Neemot Crowlh of Ooiry Heif«r» 





09 

0 31 

020 

1 0 

20 

4 

3 

23 

150 


10 

03 

20 

0 62 

040 

20 

40 

7 

6 





1 4 

40 

0 78 

050 

30 

6 1 

12 

10 




1 4 

1 6 

60 

094 

060 

40 

6 1 

13 

10 

8 

buO 


12 

1 8 

11 0 

125 

080 

65 

13 1 

13 

12 

16 



08 

1 4 

150 

1 33 

0 85 

85 

17 1 

13 

12 

24 

— 


1 1 

1 2 

190 

1 40 

090 

10 0 

202 

13 

12 

32 

— 




1 3 

220 

1 43 

095 

11 0 

22 2 

12 

12 

40 

— 

1200 

_ 

1 2 

24 0 

1 56 

1 00 

12 0 

24 2 

12 

12 

48 

-* 

Mo ntenonce of Motuie Cows^ 

800 

_ 

_ 

12 

095 

050 

60 

11 7 

6 

6 

32 

4 

1000 





14 

1 13 

060 

70 

14 1 

8 

8 

40 

— 

1200 





16 

132 

0 70 

80 

16 6 

10 

10 

48 

— 

1400 

_ 

_ 

19 

1 51 

080 

90 

19 0 

11 

11 

56 

— 

1600 

— 

— 

21 

1 64 

0 87 

10 0 

21 2 

12 

12 

64 

— 


ReproduCt on (Md to Mointenonce During lost 2 to 3 Months) 


— 20 20 

80 

1 13 

060 60 

12 1 

8 7 

30 


Lactation (Add 

to Mo ntenonco (or Each Pound 

of M lie) 



_ _ 3 07, fot 

_ 

0 062 

0 0^ 0 28 

0 57 

1 07 

6 

6 

_ _ 4 0“". (ot 

— 

0 070 

0045 0 32 

0 65 

1 07 

— 

— 

— — 5 0=^. (ot 

— 

0 078 

0050 0 37 

0 75 

1 07 

— 

— 

— — 6 cr. (ot 

— 

0 086 

0 055 0 42 

0 85 

1 07 

— 

— 


(coni no«d) 
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Table D-1. (Continued) 



Daily Coin 



Daily Nutrients per 

Animol 

1 








Digest* 





Vitamin 


bmall 

Lorge 



ibie 

TDN DE^ 

Ca 



D 


Breeds 

Breeds 



Protein 






(lb) 

(lb) 

(lb) 

(lb) 

(lb) 

(lb) 

(lb> (therm) 

Igm) 

(gm) 

(mg) 

(lU) 

Maintenance of Breeding Bulls ^ - 

1200 



18 

1.56 

1.00 

10.3 20.8 

10 

10 

48 

— 

1600 



22 

1.87 

1.20 

12.9 26.1 

12 

12 

64 

— 

2000 



27 

2.20 

1.45 

15.6 31.5 

16 

TS 

80 


2400 





31 

2.50 

1.60 

18.2 36.8 

19 

19 

96 

= 


'Thiamine, riboflavin, niacin, pyndoxine, pantothenic acid, folic acid, vUamin B1 ' 
and vitamin K are synthesiied by bacteria in the rumen, and It appears that 
of these vitamins are furnished by a combination of rumen synthesis an no ura 
Manganese, magnesium, iron, copper, end cobalt ore essential, and the amounts needed 

discussed on pages 65, 128, 135, 141, , 

^DE (digestible energy) was calculated on the assumption that one gram of TDN has . 
heel of digestible energy (2000 Ircal/lb), a value based largely on the J 

el published data made by B. H. Schneider. DE may be converted to metabolizable energy 

by multiplying by 82 per cent. , , r A 

'Calves should receive colostrum the first few days after birth, as o source of vitamin A 

end other essential factors. , . 

‘While vitamin D is known to be requited, the dote ore tnadequete o wo rent specific 
figures for older growing animals and for mointenance, repro uciion, on ° ' j j 

‘When calculating the intakes for loctofing heifers that ere still growing. It isrecommended 
tbot the figure for growth rather then raointenonce bo used. 

“When odequete amounts of vitamins A and D are fed for normal 
"mounts will not stimulate milk production but will increase the vitamin ’ 

milk. Intakes of 200 mg of coroten, per day will give optimum content of vitamin A in 

milk. 


Table D-2. Nutrient Content of Rations for Doiry Cattle (Bosed on Air-dry Feed 
Containing 90 Per Cent Dry Matter) 


— 



Pm 

r Cent of Ration 

or Amount Per Pound of Feed 


Body 





Digest* 



Coro* 

Vito* 

vrt 

Small 

Large 



ible TON 



lene 

min D 


Ureeds 

Breeds 



Protein 





(lb) 

(months) 

(months) 

(lb) 

{%) 

(%) (R) 

(therms/lb) (t») 

(".) 

(mg/lb) 

(lU/lb) 


50 

100 

birth 

0.6 

0.9 

2.0 

1 6 
2.0 

22.0 

20.0 

no 

100 

222 

2.02 

0.98 

0.77 

0.73 

0.66 

150 


2.0 

4.0 

2.7 

12.5 

75 

1 52 

0.66 


200 


3.1 

6.0 

3.0 

10.0 

67 

1.35 

0 48 


400 

10.0 

6.7 

11.0 

28 

7.3 

59 

1 19 

0.26 


600 

17.2 

10.8 

150 

2.7 

5.7 

57 

1.15 

0.19 



2.0 
1.5 
1.3 
1 5 
1 6 


170 

150 

no 

100 


(continued) 



316 


NUTRIENT REQUIREMENTS 


Table D 2 (Continued) 


* 



Pe 

r Cent ol Rot on 

or Amount 

Per Po 

ond ol Peed 




T»«-l 

Feed 

D go<t 






V to 


Lo ge 

Do ly 

*4 ol 

Me 

TON 


Co 



m n D 


O eeos 


wt 

Proto n 







(lb) (month*) 

(month*) 

(lb) 

(R) 

(%) 

(%) 

(the m*/lbl 

(".) 

(71 

(mg /lb) 

(lU/lbl 

Normal Gtovrih of Do ry He fers (Continued) 


160 

190 

2 5 

47 

53 

1 07 

0 15 

0 15 

1 7 

— 


22 0 

220 

22 

43 

SO 

101 

0 13 

0 13 

1 8 

— 

1200 — 

36 0 

24 0 

20 

42 

50 

1 01 

0 12 

0 12 

20 

— 

Maintenonce of Mature Cows 

800 — 



12 

1 8 

36 

50 

101 

0 12 

0 12 

23 

— 

1000 — 



14 

16 

37 

50 

101 

0 12 

0 12 

25 

— 

1200 — 



16 

1 5 

39 

50 

1 01 

0 12 

0 12 

27 

— 

1400 — 



19 

1 4 

38 

50 

1 01 

0 12 

0 12 

27 

— 

1600 — 

_ 

21 

1 3 

38 

50 

101 

0 12 

0 12 

28 

— 





Loctot 1 

ng Cows 





- - 

- 


- 

6S 

60 

1 21 

0 30 

0 25 

1 2 

- 


Mo at«nqnc« df 0r«ed ns Built 


1200 — 

_ 

18 

1 

56 

58 

1 17 

0 12 

0 12 

27 


1600 — 


22 

1 

55 

58 

1 17 

0 13 

0 13 

29 

— 

2000 — 



27 

1 3 

54 

58 

1 17 

0 13 

0 13 

30 


2400 ~ 

— 

31 

1 3 

52 

58 

1 17 

0 14 

0 14 

3 1 

— 


^0£ settibla enargy) may b« converted lo metobelizoble energy by mulliply ng by 82 per 
cent 


Toble 0 3 Average Composition ond Digestible Nutrients 


AUalfohey all anolytet 
Alfolfahoy 1/10 lo 1/2 

bloom 

AIloKahay 3/4 lo full 
bloom 

Alfalfa hoy pot! bloom 
Alfolfo meol dehydroted 
Alfolfa leaf meal 
dehydrated 
Borley hoy 
Barley ttrow 


{«? m {R> (»t <th«Tm »/H>) (RJ (RJ (mg/lbj 

Dry Roughages 


90 5 15 3 

90 5 15 4 

90 5 14 1 
90 5 12 9 
92 7 17 7 

92 7 21 1 
90 8 7 3 
900 37 


10 9 50 7 

it Z SI 4 

10 2 50 3 
9 3 47 7 
12 4 54 4 

16 0 57 2 
40 51 9 
07 42 2 


1 02 1 47 

I 04 1 47 

1 02 1 22 

0 96 no 

1 10 1 60 

I 16 1 69 

1 05 0 26 

0 85 0 33 


0 24 8 2 


0 24 

20 3 

0 22 

85 

0 20 

3 3 

0 26 

42 4 

0 25 

62 9 

0 23 



0 10 

— 
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Table D-3. (Conflnued) 



Total 

dry 

Protein 

Dig, 

tdn’ 

deIi 

, Phos' 

Ualcium . 

■ Coro. 

Feedstuff 

matter 


protein 




phorus 

tene 


{%) 

{%) 

(%) 

(55) 

(therms/lb) (55) 

(55) 

(mg/lb) 

Dry Roughages 

Birdsfoot frefoji hoy 
Bromegrass hay, ail 

91.3 

14.2 

9.8 

55 0 

1.11 

1.60 

0.20 

19.7 

analyses 

Clover hay, olsike, all 

88.8 

10.4 

5.3 

49.3 

1.00 

0.42 

0.19 

— 

onalyses 

88.9 

12.1 

8.1 

53.2 

1.07 

1.15 

0.23 



Clover hay, crimson 

89.5 

14.2 

9.8 

48.9 

0.99 

1.23 

0.24 



Clover hay, Ladino 

Clover hoy, red, all 

89.5 

18.5 

14.2 

59.5 

1.20 

1.53 

0.29 

— 

analyses 

Clover ond mixed grass 

88.3 

12.0 

7.2 

51.8 

1.05 

1.28 

0.20 

7.3 

^'•gh in clover 

Oover Qnd timothy hoy, 

89.6 

9.6 

5.5 

51.8 

1.05 

0,88 

0.21 

6.1 

30 to 50% clover 

88.1 

8.6 

4.7 

51.0 

1.03 

0.69 

0.16 


Corn cobs, ground 

Corn (odder, medium, in 

90.4 

2.3 

0.0 

45.7 

0.92 

O.II 

0.04 

— 

woter 

82 6 

6.8 

3.3 

53.9 

1.09 

0.25 

0.14 

1.8 

Corn stover, medium, in 









woter 

Cowpeo hoy, oil onolyses 
nofir fodder, very dry 

1 'ir stover, very dry 
‘-espedeio hoy, onnuol. 

80.3 

5.8 

2.0 

45.5 

0.92 

0.48 

0.08 


90.4 

18.6 

12.3 

51.4 

1.04 

1.37 

0.30 

_ 

90,0 

8.7 

4.5 

53 6 

1.08 

0.35 

0.18 

2.0 

90.0 

5.5 

1.9 

51.3 

1.04 

0.54 

0.09 

1.1 

before bloom 
'-espedeio hoy, onnuol. 

89.1 

14 3 

7.2 

49.2 

0.99 

1.03 

0.20 

20.4 

•n bloom 

Cospedezo hoy, onnuol. 

89.1 

13.0 

64 

46.4 

0.94 

1.00 

0.19 

— 

after bloom 

M'^ed hay. good, less than 

89.1 

M.5 

3.6 

39.6 

0.80 

0.90 

0.15 

— 

legumes 

Oof hoy 

Cot straw 

^'bo'd gross hoy, good 
p"> boy, fiolj 

89.2 

8.8 

4.8 

48.8 

0.99 

0.90 

0.19 

6.4 

88.1 

8.2 

4.9 

47.3 

0.96 

0.21 

0.19 



89.8 

4.1 

0.7 

44.8 

0.90 

0.24 

0.09 



88.7 

8.1 

4.2 

49.7 

1. 00 

0.27 

0.18 



89.3 

14,9 

10.6 

55.1 

1.11 

1.22 

0.25 



Peonothoy, mowed 
toirie hoy, western, cut 

91.4 

10.6 

6.9 

S8.4 

1.18 

— 

— 

8.0 

'n mid-seoson 
'“"10 hey. western, 

91.3 

6.0 

2.0 

45.1 

0.91 

0.33 

0.12 

9.1 

ntoture 

^«b gross hoy 

B *, '“nery g,„.. ^ 
hoy ’ 

^ya Strow 

91.9 

4.4 

0.9 

43.7 

0.88 

0.36 

0.03 

3.6 

89.0 

6.9 

2.5 

40.3 

o.ai 







91.1 

7.7 

4.9 

45.1 

0.91 

0.33 

0.16 

— 

91.3 

6.7 

2.4 

42.S 

0.86 

— 

0.18 



(odder, sweet, dry 

92.8 

3.5 

0 

42,2 

0.85 

0.26 

0.09 

— 

83.9 

6.2 

3.3 

52.4 

1.06 

0.34 

0.14 

1.1 


{cofittnittd} 
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Table D 3 {Continued) 

Feed 

IstuK 

Total fi,_ 1 ,.„2 . Pho** Coro 

TO" “E „„ 

(SI (S) (*1) W1 (iKerms/lb) (S) t^l 



Dry Roughoges (Ccnlinu*^) 


Soybean hay, good, oil 
analyses 

83 1 

14 6 

98 

48 6 

0 93 

1 10 

0 22 

13 6 

Soybean hov. in bloom or ... 

before 

830 

>6 7 

12 0 

52 4 

1 06 

1 29 

0 34 

— 

Soybean hoy. seed 

developing 

830 

U6 

98 

43 2 

0 97 

1 24 

0 25 

136 

Soybeon hay. seed nearly 

ripe 

830 

15 2 

10 8 

54 9 

1 1) 

0 96 

0 31 

3 0 

Soybean straw 

839 

39 

I 1 

38.6 

0 78 

— 

0 05 

— 

Sudan grass hay, oil 

Analyses 

89 4 

8 8 

43 

48 6 

0 98 

0 36 

0 27 

— 

Timothy hoy, all analyses 

89 0 

66 

30 

49 1 

0 99 

0 35 

0 14 

4 4 

Timothy hay, before bloom 

890 

97 

61 

566 

1 14 

— 

— 

9 2 

Timalhy fray, fcJf WoOiit 

S9 0 

64 

32 

51 ) 

) 03 


0 20 

42 

Timothy hay, lot# seed 

89 0 

53 

19 

41 9 

0 85 

0 14 

0 15 

2 5 

Timothy ond clover hoy, 

1/4 clever 

83 8 

79 

40 

49 8 

1 01 

0 58 

0 IS 

— 

Vetch and eat hey, ever 

1/2 vetch 

87 6 

119 

84 

507 

1 02 

0 76 

0 27 

— 

'^eot hoy 

904 

61 

33 

46 7 

0 94 

0 14 

0 18 

— 

Wheel strew 

926 

39 

03 

40 6 

0 82 

0 15 

0 07 

— 


Siloges, Roots, and Tubers 


Allolfa, not wilted, no 


preservative 

24 7 

4 1 

26 

13 5 

0 27 

0 35 

0 03 

15 1 

AtloKa, wilted 
Alfella-molosses, not 

362 

63 

43 

21 5 

0 43 

0 51 

0 12 

11 4 

wilted 

268 

4 1 

27 

15 4 

0 31 

0 41 

0 03 

14 5 

Beet top, sugar 

31 6 

38 

25 

14 9 

0 30 

0 31 

0 07 

5 1 

Cobboge entire 

94 

22 

1 9 

8 1 

0 16 

0 06 

0 03 



Carrots, roots 

Clover, Led no, ond 

11 9 

1 2 

09 

10 3 

0 21 

0 05 

0 04 

- 

timothy 

299 

54 

39 

21 4 

0 43 

0 31 

0 07 

15 6 

Corn, conning foetory woste 
Cora, dent, well motured. 

22 4 

20 

1 1 

16 1 

0 33 

- 

- 


all analyses 

Cora, dent, well rnotured, 

276 

23 

12 

18 3 

0.37 

0 10 

0 07 

5 8 

welt eared 

Corn, dent, well rnotured. 

235 

23 

1 3 

19 8 

040 

009 

0 07 


Corn, dent, imraoture be- 

263 

2.1 

1 1 

17 2 

0J5 

009 

0 06 

~ 

fore dough siege 

Corrt stover, mature eort 

203 

18 

09 

12 9 

0 26 

0 11 

0 07 

- 

removed 

237 

16 

06 

140 

0 23 

003 

0 10 
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Table D-3. (Continued) 


Totol 

dry 

Protein 

Dig. 

protein 

tdn’ 

DE^ Calcium 

Phos- 

phorus 

Coro- 

tene 

matter 






(%) 

m 

(») 

(%) 

(therms/lb) {%) 

(%) 

(mg/lb) 


Silages, Roots, and Tubers (Continued) 


Corn and soybeans, well 


motured 30% or more 


soybeans 

28.3 

3.2 

2.0 

19.7 

0.40 

0.20 

0.08 


Grass silage, considerable 

legumes 

Grass silage, some 

25.6 

3.6 

2.0 

15.5 

0.31 

— 


17.1 

legumes 

27.6 

3.2 

1.9 

15.6 

0.32 

— 

— 

20.7 

Grass silage, some 

legumes, molasses added 

25.8 

3.2 

1.9 

15.1 

0.31 

0.32 

0.12 

— 

Grass silage wilted. 

molasses added 

33.6 

4.5 

2.6 

19.1 

0.39 

— 

— 

6.2 

Mangels, roots 

9.2 

1.3 

0.9 

7.1 

0.14 

0.02 

0.02 

— 

Gats, molasses added 

32.0 

2.7 

1.4 

16.9 

0.34 

0.10 

0.09 

17.7 

Pea vine 

24.5 

3.2 

1.9 

14.0 

0.30 

0.32 

0.06 

21.0 

Potatoes, tubers 

21,2 

2,2 

1.3 

17.4 

0.35 

0.01 

0.05 

— 

Potato-alfalfa hay 

35.9 

5.3 

3.3 

21.1 

0.43 

— 

— 

— 

Potato-mixed hoy 

33.7 

3.8 

2.2 

21.6 

0.44 

— 

— 

— 

Potato-corn meol 

31.7 

2,0 

l.O 

27.0 

0.55 

— 

— 

— 

Rutabagas, roots 

11.1 

1.3 

1.0 

9.5 

0.19 

0.05 

0.03 

— 

Sorghum, sweet 

25.4 

1.6 

0.8 

15.2 

0.31 

0.08 

0.05 

2.7 

Spybeon, not wilted 

24.8 

4.2 

2.9 

14.6 

0.29 

0.35 

0.09 

14.6 

Sudan gross 

25.7 

2,2 

1.5 

14.4 

0.29 

0.11 

0.04 

— 

Timothy, not wilted, no 

preservative 

30,9 

3.3 

1.8 

18.4 

0.37 

0.18 

0.09 

14.1 

Timothy, not wilted. 

molasses added 

30.0 

3.1 

1.6 

17.1 

0.35 

0.16 

0.08 

— 

Turnips 

9.3 

1.3 

0.9 

7.8 

0.16 

0.06 

0.02 

~ 


excluding Pacific 

Coast 

Borley, Pocific Coast 
«"ns, field or navy 
“'=1. pulp, dried 
®et pulp, molasses, dried 
pulp, wet 
Blood meol 
Blood flour 
Bone meol, raw 
Bone meol, steomed 
“owers dried grams 
ButiermiH, dried 
pulp, dried 

'-«»"ot oil meol, expeller 


Concentrates 


89.4 

12.7 

10.0 

77.7 

89.9 

8.7 

69 

78 8 

90.0 

22.9 

20.2 

78.7 

90.8 

9.1 

4.3 

68.2 

92.0 

9.1 

6.0 

72.3 

11.6 

1.5 

0.8 

8.8 

90.5 

79.9 

56-7 

58.9 

90.8 

82.2 

78.9 

81.2 

93.2 

26.2 

18.1 

18.1 

95.2 

12.1 

— 

— 

92.4 

25.9 

20.7 

660 

92.5 

32.0 

28.8 

83 0 

90.1 

6.6 

5.2 

78.2 

92.8 

20.4 

17.3 

76.3 


1.57 

0.06 

0.40 

_ 

1.59 

0.06 

0.33 

— 

1 59 

0.15 

0.57 

— 

1 38 

0.68 

0.10 

— 

1.46 

0.56 

0.08 

— 

0 18 

0.09 

0.01 

— 

1.19 

0.28 

0.22 

— 

1.64 

0.45 

0.37 

— 

0.37 

22.14 

10.35 

— 


28.98 

13.59 

— 

1.33 

0.27 

0.50 

— 

1.68 

1.34 

0.94 

— 

1.58 

1.96 

0.12 

— 

1.54 

0.21 

0.61 

— 
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Tabl« 0 3 (Cont flu«d) 

P.i.— “ ■ T!;’*' • - 

■j) {-) r) *» (»«.*•♦ Ik) i’-) 


c-- 


Conccnlio (Contin>j»i) 



91 7 

213 

13 1 

633 

1 :3 

0 17 

0 61 



84 1 

74 

54 

73 2 

1 43 

0 04 


1 3 

Corn, yeUew dent, *2 

Corn, (1 nt 

Corn dist Hers dried gre ns 

85 Q 

37 

67 

(0 1 

1 63 

0C3 


83 5 

93 

75 

33 4 

1 63 

— 


— 

923 

27 1 

19 5 

£2 7 

1 67 

0 09 

0 37 


Corn distillers dr ed gre ns 
w m solubles 

91 9 

27 3 

199 

310 

164 

0 17 

0-63 

I 7 


Corn ditlilltrt 
»eluU«i 

Corn sLten f**d 
Corri gtuien ncsl 
Cottcrucd, whvi*. pt*tk«il 
CeltorfMtd (t«d 
CeitonMiod o I Bi«d, 

• X94U«« 

Cotton»«*d 0 I e«o1. 
teUorti 

Fish Mol, tBonhodon 

FlaxiMd WfMninjt 
FluMod icrMninji o<l 

ft«d 

Honinjr Uod, «4) >« 

Herainy {fed, yellow 
Lintffd feed 

l.in»cfd orl mtol, fxpflW 
LinMfd oil in«ol, ftol'fnt 
Moot scrof) 

M«ct icrop, 50S proTf n 
Milk, cow'f 
M Ik, ewa’« 

Molattet, beet 
Molottet cene 
Molotiei, cene, dried 
Oats, exclud ng Pocibc 


93 1 

259 

21 3 

£02 

1 63 

0 25 

1 37 

90 4 

25 3 

21 a 

75 4 

1 52 

044 

0 77 

907 

42 9 

34 5 

799 

1 61 

0 16 

040 

924 

230 

202 

53.6 

1 18 

0 17 

0 4i 

90 8 

392 

306 

654 

1 32 

0 15 

06i 

927 

41 4 

344 

734 

1 43 

0 13 

1 15 

91 4 

41 4 

345 

66 1 

U4 

0 15 

1 19 

922 

613 

49 7 

670 

1 35 

5 49 

331 

91 4 

158 

88 

635 

1 13 

0J7 

043 


91 3 

24 1 

13 5 

546 

1 10 

044 

0,63 

898 

11 1 

79 

829 

1 67 

0 02 

053 

907 

11 1 

79 

83 7 

U9 

0 05 

0 52 

90J 

33 8 

234 

74 2 

1 M 

0 43 

0 65 

909 

353 

307 

74 3 

1 54 

0 U 

089 

909 

351 

295 

71 0 

1 43 

040 

033 

935 

534 

438 

654 

1 32 

79 

4 03 

94 0 

506 

4U 

62 2 

1 24 

10 57 

5 07 

12 3 

3,5 

33 

16 3 

033 

0 12 

0 10 

19 2 

65 

62 

242 

0 S3 

0 21 

0 12 

76 0 

67 

35 

596 

1 20 

0 16 

0 03 

74 5 

32 

20 

549 

1 11 

089 

003 

96 1 

10 3 

— 

426 

1 26 

_ 



Coott 

Oott, Pocilic Coott 
Ootf, rolled (octiReol) 
Oste groott, (bulled) 
Orange pulp, dried 
Oyster shell, ground 
Peanut oil meol, expeller 
Peonuteil meol, solvent 
PrAstO mcoV, dried 
Rope seed 


90 2 I2J) 9 4 70 1 ) 42 0 09 0 33 

91 2 90 70 722 1 44 _ 

90 8 16 1 14 5 91 4 1 85 0^7 0 44 

90 4 14 2 14 6 91 9 1 84 0 03 0 44 

89 3 7,0 5 5 73 8 1 59 0 43 0 10 

99 4 10 — _ 33 05 0 07 

92 0 45 8 41 7 80 2 1,42 0 17 0 57 

91 5 47 4 43 1 74 3 1,50 0 20 0 65 

90^ 59 2 3 45.1 1 32 _ — 

905 MU 173 117 1 2 37 


0 3 
3 3 

7 4 


3 1 


(conlinuedi 
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Table D-3, (Continued) 


Rjce bron 
Rice polishings 
Rys groin 

Rye distillers dried grains 
Rye middlings 

SoWaH-er oil meal, expeller 
Sofflower Oil meal, with 
hulls 

Sofflower oil meal, without 
hulls 

Safflower seed 
Skirn milk, dried 
Sorghum, Kohr 
Sorghum, milo 

Itiilo, liBod chops 

Soybeans 

5"ybeon oil msol, expellee 
Mybeon oil meal, solvent 
Sweet pototo meal 
Tankage, digester 
Tankage, digester, with 
bone 

IJII'oat, hard, winter 
JJeot, hard, spring 
jjoot, soft, winter 

soft, Pacific Coast 

"heat bran 

JJeot flou, middlings 
JJeot germ oil meal 
**heot screenings, good 
grade 

5*°ndord middlings 
;^®y. dried 
V °‘t, brewers dried 
I:;!l^a, dried 


Totol 

dry 

matter 

Prolem 

Dig. 

protein 

ton' 

OE^ 

Calciui 

Phos* 
” phorus 

Coro* 

tens 


(%) 

(%) 

(%) 

(fherms/lb) 

(%) 

(%) 

(mg/lb) 

Concentrotes (Continued) 

90.6 

13.5 

9.2 

71.0 

1.43 

0.06 

1.82 

_ 

89,9 

n ,8 

9.0 

63.0 

1.68 

0.04 

1,42 



89.5 

12.6 

10.0 

76.5 

1.55 

0.10 

0.33 



93.0 

22.4 

13.4 

60.2 

1.22 

0.13 

0.41 



89.8 

17.1 

13.0 

71.4 

1.44 

0.06 

0.63 



90.6 

19.7 

15.8 

48.4 

0.98 

0.23 

O.Zi 

~ 

93.2 

23.7 

19.0 

51.5 

1.04 

— 

- 

- 

9].] 

38.4 

33.8 

64.4 

1.30 

0.31 

0.58 



93.1 

16.3 

13.0 

82.4 

1,66 





— 

93.9 

33.5 

30.2 

80.3 

1,62 

1.26 

1.03 

— 

89.8 

11.0 

8.9 

81.6 

1.65 

0.03 

0.31 


89.0 

10.9 

8.5 

79.4 

1.60 

0.03 

0.28 

— 

89.6 

9.2 

7.0 

74.3 

1.50 

0.14 

0.26 

— 

90 0 

37.9 

33.7 

87.6 

1.77 

0.25 

0.59 

— 

89.7 

43.8 

36.8 

77.0 

1.56 

0.27 

0.63 


89.3 

45.8 

42.1 

77.2 

1.56 

0.32 

0.67 

— 

90.2 

4.9 

0.7 

72.7 

1.47 

0.15 

0.14 

32.2 

92.1 

59.8 

50.8 

66.1 

1.34 

5.94 

3.17 

— 

94,1 

49-6 

42.2 

64.7 

1.31 

10.97 

5.14 



89.4 

13-5 

11,3 

79.6 

1.61 

0.05 

0.42 

— 

90.1 

15,8 

13.3 

80.7 

1.63 

0.04 

0.40 

— 

89,2 

10.2 

8.6 

80.1 

1.62 



0.29 

— 

89.1 

9.9 

8.3 

79.9 

1.61 

— 

— 

— 

89.1 

16,0 

13.0 

65.9 

1.33 

0.14 

1.17 

1.2 

89.8 

18.4 

16.2 

78.2 

1.58 

0.1 1 

0.76 

— 

89.7 

27,3 

22.9 

84.1 

1.70 

0.07 

1.06 

3.0 

90.4 

13.9 

10.0 

68.7 

1.39 

0.44 

0.39 


89.7 

17.2 

14-3 

76.9 

1.35 

0.15 

0.91 

1.4 

93.5 

13.1 

11.8 

78.4 

1.58 

0.87 

0.79 

— 

93.4 

44.6 

38.4 

72.4 

1.46 

0.13 

1.43 

— 

93.3 

48.3 

41.5 

69.9 

1.41 

0.57 

1.68 

— 


few f ■”^''■““‘’9 me values tor total digestible nutrients, no digestion coefficients for a 
lion ® Were available, or the dole were inadequate. In those instances the diges- 

comporable feedstuffs were used. 

P*r ce t '^****^^® ®o®rgy) may be converted to metobolizoble energy by multiplying by S2 

®f^l Animal Nutrition is indebted to Professor F. B. Morrison for the use 

°9es * 22nd Edition of Feeds ond Feeding on the composition of roughages, s«l» 

» orr cereals presented in this table. The dato on the composition of by*product feeds 

(continued) 
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Table D 3 (Continued) 

were stcpl ed by the CoTrr.t.ee on Feed Co-posU on of the Hot onol Reieorch Council 
(NRC Pub 1.0 449, 1956) The digett on coeff.c ent. u*ed m colculot.ng the 
protein end TDH we>e oUo fo<en »ilh Ptofeiicr Worrieon > permiinon from the 22nd fcdi 
t.cn of Feeds ond Feeding These C/e bated tn part on the eetent.ve coirpilolion of d get 

ton coefficients .n Feed* on^/elt'o/W(« Vo Ag, £,p» Six, 1947), which wot prepored 

by Df B H Schneider at the request of the Committee on An mol Nuhitioo 


Table D 4 Compoiifion of Colcium ond Photphorut Supplements 


M ne/al SuppUment 

Cole 

(«) 

(gm/lb) 

Pho 

r.) 

sphorus 

(gm/lb) 

1%) 

Bone meal, row, feeding 

227 

103 

10 1 

46 

0 030 

Bone meol, steamed 

300 

136 

13 9 

63 

0 037 

Defluorinoted rock phosphote’ 

290 

132 

13 0 

59 

U,15 or less 

Dicoicium phosphate 

26 5 

J20 

205 

93 

0 05 

Limestone (high calcium) 

38 3 

174 

ml 

ml 

— 

Oyster shell flour 

369 

167 

nil 

ml 



’High quality defluorinoted rock phosphate should eentom this amount of 
coletum ond phosphorus ond be no higher in fluorine then shown 


Table 0 5 Estimated Carotene Content of Feeds in Relotion to Appearance and 
Methods of Conservolion* 


FeedetuK 


Fresh green legumes and grasses^ inunotvre 

Oehydroted olfalfo meal, heth, dehydroted without field curing, 
very bright green color^ 

Dehydroted olfolfa meol offer contideroble lime in storage, 
bright green color 

Alfalfa leaf meol, bright green color 

Legume hoys, including olfolfo, very quickly cured with minimum 
sun exposure, bright green color, leofy 
Legume hoys, including olfolfo, good green color, leafy 
Legume hoys, including olfolfo, pertly bleached, moderofe «nounf 
of green color 

Legume hoys including olfolfo, badly bleoched or discolored, 
traces of green color 

Non legume hoys, including timothy, cereol, ond prairie hoys, 
well cured, good green color 

Non-legume hoys, overage quolity, Meoched, some green color 
Legume silage 


Coretene 

(mg/lb) 

1 5 to 40 
110 to 135 
50 to 70 

60 to 80 

35 to 40 
18 to 27 

9(0 14 

4 to 8 

9 to 14 
4 to 8 
20 to 30 


(cominwed) 
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Table D-5 (Continued) 

Feedstuff 


Carotene 

(mg/lb) 


Green silage 2 to 10 

Corn and sorghum silages, medium to good green co'or 
Grams, mill feeds, protein concentrates, ond byproduct concen- 
trates, except yellow corn and its by-products 


'This table was prepared by the late H. R. Guilbert, Davis, Californ 
^Green color is not uniformly indicative of high corotene con en . 


Table D-6 Examples of Adequate Rations 




Digest- 



Cal- 

Phos- 

Coro- 

Total 

feed 

(lb) 

ible 

protein 

(lb) 

TON 

(lb) i 

DE' 

(therms/Ib) 

cium 

(gm) 

phorus 

(gm) 

tene 

(mg) 

100 pound calf 



2 0 

40 


5 

4 

Nutrient requirements 

— 

0.40 

/ 



Motion in pounds 

Whole milk, 12.0 


0.40 

1.94 

3.9 

6.5 

3.4 

_ 

400-pound heifer 



6.5 

13.1 

13 

12 

16 

Nutrient requirements 
Ration in pounds 

11 

0.80 






(1) Mixed clover-timothy 








hay 8.0, yellow corn 
1-0, oats 1.0, lin- 
seed meal 1 0 

11 

0.85 

6.4 

12.9 

29 

16 

72 

(2) Legume hay 10.0, 








yellow corn 2.0 
(oats or barley) 

12 

1.73 

6.6 

13.3 

67 

13 

117 

^•pound heifer 

Nutrient requirements 
l^otion m pounds 

15 

0.85 

8.5 

17.2 

13 

12 

24 

(1) Mixed legume-grass 








hay 10.0, oats 5.0 



8.5 

7.6 

17.2 

15.4 

30 

17-15 90 

(corn or barley) 

(2) Alfalfa hoy 15.0 

15 

15 

0.90 

1.58 

100 

16 

170 

(3) Timothy hay 10.0, 








barley 5.0, lime- 
stone 0.05 

15 

.79 

8.8 

17.8 

20 

20 

53 

(4) Alfalfa hay 10.0, 
corn silage 15.0 

25 

1.23 

7.8 

15.8 

73.5 

15 

210 

(continued) 
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Table D-6. (Continued) 


_ , Digest* , 

ibie TDM OE' 

protein 

(lb) (lb) (lb) (tberrai/lb) 

Cot- Phos- 
cium phorus 

(gm) (gm) 

Caro- 

(mg) 

Moture iactoting cows 

1400-pound cow giving 50 
lb. 4% milk 


61 46 

56 

Nutrient requirements — 3.05 25.0 

Ration m pounds: 

(1) AKaKo 35, barley 

51.5 

12 — 4.87 26.9 

(2) Timothy hay 14, 
corn silage 42, corn 
and cob meal 12, 
soybeon meal 5, 

54.3 

279 94 

400 

limestone 0.2 — 3.36 27.0 

(3) Alfalfa hoy 20.0, 

54.5 

65 59 

340 

corn silage 50.0 — 3.30 26.8 

1000-pound cow giving 35 
lb. 5% milk 

54.1 

156.8 46.2 

558 

Nutrient requirements — 2.35 20.0 

Ration in pounds* 

(1) Alfalfa hay 5, cit- 
rus pulp 12, hominy 
feed 10, cottonseed 

40.5 

43 32 

40 

meol 2 — 2.45 21.3 

(2) Clover-timothy 
mixed hoy 10, com 
silage 30, barley 4, 
oots 5, wheot bran 

43.0 

161 46 

57 

5 — 2.37 20.4 

(3) Alfalfa brome hoy 

25.0 (ot least 50% 

41.2 

51 49 

242 

alfolfa), com 11.0 — 2.69 21.2 

(4) Alfolfa 15.0, corn 
siloge 30.0, com 

42.8 

95.9 43 

— 

10.0 _ 2.48 21.0 

(5) Clover-timothy 25.0 

42.4 

100.8 42.2 421 


(30 to 507« clover), 
com 10.0, soybeon 

oil meol 1.0 — 7.7A 21.5 43.4 79.6 37.6 — 

DE (digestible energy) moy be converted to metobolizoble energy by myltiply- 
ing by 82 per cent. 
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Table D-7. Suggested Concentrate Mixtures for Doiry Animols 

Ingredients^ 


Roughage 


Total Protein in 
Grain Mixture 


Corn Oots 


Wheat 

Bran 


Soybean 
Oil Meal 


(lb) (lb) (lb) 


(Ib) 


Legume hoy or legume silage (al- 
folfo, clover, soybean, etc.) 

12-14 

400 

300 

300 

— 

Legume hay and corn or grass sil- 
oge or mixed hoy and silage 

Mixed hay and silage 

Gross hay and corn silage^ 

14-16 

16 

16-18 

300 

200 

100 

300 

300 

300 

300 

300 

300 

100 

200 

300 


It IS recommended that r/o salt oe oaaeo. ... K'—r-— -- 
of bonemeal or other fluonne-low phosphorus supplement s ou 
^Add 1% calcium carbonote or ground limestone. 
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Table E-1. (Continued) 



Bred Dry off Due 

Bred Dry off Due 

Jon. Aug. Oct. 

29 7 7 

30 8 8 

31 9 9 

Feb. Sepf. Nov. 

29 8 8 

Mar. Oct. Doc. 

29 5 5 

30 6 6 

31 7 7 


Table E-2. 






















AGE CONVERSION FACTORS 

FOR 305 DAY PRODUCTION RECORDS 


Note For additional information, see page 223 


Table F*l. Ayrshire 


Ag, 


Aga 



Ag* 


Factor 

Yr Mo 

Faeiof 

Yr. Mo 

Foolor 

Yr. 

Me. 

1 9 

1 36 

5 

3 

102 

10 

6 

1.03 

1 10 

1.34 

5 

4 

1.02 

10 

7 

1.03 

1 n 

1.32 

5 

5 

1.02 

10 

8 

1.03 

2 0 

1.30 

5 

6 

1.02 

10 

9 

1.03 

2 1 

1,29 

5 

7 

101 

10 

10 

1.03 

2 2 

1.28 

5 

8 

1.01 

10 

11 

1.03 

2 3 

1.27 

5 

9 

1.01 

11 

0 

1.04 

2 4 

1.26 

5 

10 

1.01 

11 

1 

1.04 

2 5 

1.25 

5 

11 

1.01 

11 

2 

1.04 

2 6 

1.24 

6 

0 


11 

3 

1.04 

2 7 

1.23 

to 



11 

4 

1.04 

2 8 

1.22 

7 

11 

1.00 

11 

5 

1.04 

2 9 

1 21 

8 

0 

1.00 

11 

6 

1.05 

2 10 

1.20 

8 

1 

1.01 

11 

7 

1.05 

2 11 

1.19 

8 

2 

1.01 

11 

8 

1.05 

3 0 

1.18 

8 

3 

1.01 

11 

9 

1.05 


1.17 

8 

4 

1 01 

11 

10 

1.05 

3 2 

1.16 

8 

5 

1.01 

11 

11 

1,05 

3 3 

1.15 

8 

6 

1.01 

12 

0 

1.06 


1.14 

8 

7 

1 01 

12 

1 

1.06 


1.14 

8 

8 

1 01 

12 

2 

1.06 

3 6 

1.13 

8 

9 

1.01 

12 

3 

1.06 

3 7 

1.13 

8 

10 

1.01 

12 

4 

1.06 

■i 8 

1.12 

8 

11 

1.01 

12 

5 

1.06 


9 

10 


1.12 
1 11 


1 02 
1.02 


12 

12 


1 07 
1.07 


3 



APPENDIX F 


331 


Age 

Yr. Mo. Factor 


3 11 1.11 

4 0 1.10 

4 1 1.10 

4 2 1.09 

4 3 1.08 

4 4 1.08 

4 5 1.07 

4 6 1.06 

4 7 1.06 

4 8 1.05 

4 9 1.05 

4 10 1,04 

4 11 1.04 

5 0 1.03 

5 1 1.03 

5 2 1.02 


Kendrick, op. cit. 


Table F-1. (Continued) 



2 

3 

4 

5 


1.02 

1.02 

1.02 

1.02 


8 

9 

10 

11 


9 6 

9 7 

9 8 

9 9 

9 10 

9 11 

10 0 

10 1 

10 2 

10 3 

10 4 

10 5 


1.02 

13 

1.02 

13 

1.02 

13 

1.02 

13 

1.02 

13 

1.02 

13 

1.03 

13 

1.03 

13 

1.03 

13 

1.03 

13 

1.03 

13 

1.03 

13 


14 


Factor 


1.07 

1.07 

1.07 

1.07 

1.07 

1.07 

1.07 

1.08 
1.08 
1.08 

1.08 

1.08 

1.08 

1.08 

1.08 

1.08 



Table F-2. Brown Swiss 


Factor 


Ago 

"yT Foctor 


1.48 

1.47 

1.46 

1.45 

1.44 

1.43 


5 3 
5 4 
5 5 
5 6 
5 7 
5 8 


1.03 

1.03 

1.02 

1.02 

1.02 

1.01 


1.41 

1.39 

1.37 

1.35 

1.33 

1.31 


5 9 1.01 

5 10 1.01 

5 11 1-01 

6 0 

7 11 1-00 


1.29 

1.27 


8 0 
8 1 


1.00 

1.01 


Age 

Yr. Me. 


10 6 

10 ^ 

10 8 

10 9 

10 10 

10 11 

11 0 

11 1 

11 2 

11 3 

11 

11 5 

11 8 

11 ^ 


Factor 

1.03 

1.03 

1.03 

1.03 

1.03 

1.03 

1.04 
1.04 
1.04 
1.04 
1.04 

1.04 

1.05 
1.05 

(continued) 
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Table F-2 (Continued) 


Age 



Age 


Foctor 

Age 

Foctor 

Yr Mo 

Foctor 

Yr . 

Mo . 

Yr . 

Mo 

2 

11 

1.25 

8 

2 

1.01 

11 

8 

1.05 

3 

0 

1 23 

8 

3 

1.01 

11 

9 

1.05 

3 

1 

1.21 

8 

4 

1.01 

11 

10 

1.05 

3 

2 

1 20 

8 

5 

1.01 

11 

11 

1.05 

3 

3 

1.19 

8 

6 

1.01 

12 

0 

1.06 

3 

4 

1.18 

8 

7 

1.01 

12 

1 

1.06 

3 

5 

1.17 

8 

8 

1.01 

12 

2 

1.06 

3 

6 

1.16 

8 

9 

1.01 

12 

3 

1.06 

3 

7 

1.15 

8 

10 

1.01 

12 

4 

1.06 

3 

8 

1.14 

8 

11 

1.01 

12 

5 

1,06 

3 

9 

1.13 

9 

0 

1.01 

12 

6 

1.07 

3 

10 

1.12 

9 

1 

1.01 

12 

7 

1.07 

3 

11 

1.11 

9 

2 

1.01 

12 

8 

1.07 

4 

0 

1.10 

9 

3 

1.01 

12 

9 

1.07 

4 

1 

1.09 

9 

4 

1.01 

12 

10 

1.07 

4 

2 

1.09 

9 

5 

1.01 

12 

11 

1.07 

4 

3 

1.08 

9 

6 

1.02 

13 

0 

1.08 

4 

4 

1.03 

9 

7 

1.02 

13 

1 

1.03 

4 

5 

1 07 

9 

8 

1.02 

13 

2 

1.08 

4 

6 

1 07 

9 

9 

1.02 

13 

3 

1.08 

4 

7 

1.06 

9 

10 

1.02 

13 

4 

1.08 

4 

8 

1.06 

9 

11 

1.02 

13 

5 

1.08 

4 

9 

1,05 

10 

0 

1.02 

13 

6 

1.09 


10 

1.05 

10 

1 

1.02 

13 

7 

1.09 

4 

11 

1.04 

10 

2 

1.02 

13 

8 

1.09 


0 

1.04 

10 

3 

1.02 

13 

9 

1.09 


1 

1.04 

10 

4 

1.02 

13 

10 

1.09 


2 

1.03 

10 

5 

1.02 

13 

11 

1.09 

— 






14 

0 

1.10 


*a* 

Yr Mo. Faetcr 

"1 9 nr 

1 10 1.23 

1 11 1.26 


Toble F*3 Guernsey 
Ag* 

Yr. Mo, Focim- 

5 3 1 01 

5 4 1.01 

5 5 1.01 


A 

Yr. 


g« 

Mo . 


1.05 

1.05 

1.05 


10 6 
10 7 

10 8 


(continued) 
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Table F-3. (Continued) 


Ago 

Yr. 

5 6 

5 7 to 

7 5 


Ago 

~ 17 . 

10 9 

10 10 
10 11 
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Table F - 4 . Holstein and Red Dane 


Yf. 

Mo, 

Factof 

Yr. 

M». 

Factor 

Yr. 

Mo. 

Focter 

1 

9 

1.37 

5 

0 

1.02 

10 

6 

1.05 

1 

10 

1.35 

5 

1 

1.02 

10 

7 

1.05 

1 

11 

1.33 

5 

2 

1.02 

10 

8 

1.05 

2 

0 

1.31 

5 

3 

1.02 

10 

9 

1,06 

2 

1 

1.30 

5 

4 

1.02 

10 

10 

1.06 

2 

2 

1.29 

5 

5 

1.02 

10 

11 

1.06 

2 

3 

1.23 

5 

6 

1.02 

H 

0 

1.06 

2 

4 

1.26 

5 

7 

1.01 

11 

1 

1.06 

2 

5 

1,25 

5 

8 

1.01 

11 

2 

1.06 

2 

6 

1.24 

5 

9 

1.01 

11 

3 

1.07 

2 

7 

1.23 

5 

10 

1.01 

11 

4 

1.07 

2 

3 

1.22 

5 

11 

1.01 

11 

5 

1.07 

2 

2 

9 

10 

1.21 

1.20 

6 

to 

0 


11 

11 

6 

7 

1.07 

1.08 



1.19 

8 

5 

1.00 

11 

8 

1.08 

3 

0 

1.18 

8 

6 

1.01 

11 

9 

1.08 

3 

1 

M7 

8 

7 

1.01 

11 

10 

I.OS 

3 

2 

1.16 

8 

8 

1.01 

11 

11 

1.09 

3 

3 

3 

3 

4 

5 

1.15 

1.14 

M3 

8 

8 

8 

9 

10 

II 

1.02 

1.02 

1.02 

12 

12 

12 

0 

1 

2 

1.09 

1.09 

1.09 

3 

6 

M2 

9 

0 

1.02 

12 

3 

MO 


7 

1.12 

9 

1 

1.02 

12 

4 

1.10 

3 

3 

3 

9 

10 

11 

1.11 

MO 

1.10 

1.09 

9 

9 

9 

9 

2 

3 

4 

5 

1.02 

1.03 

1.03 

1.03 

12 

12 

12 

12 

5 

6 

7 

3 

1.10 

1.10 

1.11 

1.11 

4 

4 

4 

4 

4 

0 

1 

2 

3 

4 

5 

1.03 
1.07 
1.06 
1.05 
1.05 

1.04 

9 

9 

9 

9 

9 

9 

6 

7 

3 

9 

10 

11 

1.03 

1.03 

1.03 

1.04 
1.04 
1.04 

12 

12 

12 

13 

13 

13 

9 

10 

11 

0 

1 

2 

Ml 

1.11 

1.12 

M2 

1.12 

1.12 

4 

4 

4 

7 

8 

9 

1.04 

1.03 

1.03 

1.03 

10 

10 

10 

0 

1 

2 

1.04 

1.04 

1.04 

13 

13 

13 

3 

4 

5 

1.13 

1.13 

M3 

4 

13 

1.03 

10 


1,05 

13 

6 

1.13 





1,05 

13 

7 

1.14 


(conhnu«4) 
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Table F*5. (Continued) 





Age 

Foclor 

As 

te 


Yr. 

Mo. 

Foctor 

Yt. 

M». 

Yr. 

Mo. 

Factor 

3 

n 

1.07 

9 

2 

1.03 

12 

3 

1.09 

4 

0 

1.06 

9 

3 

1.03 

12 

9 

1.09 

4 

1 

1.06 

9 

4 

1.03 

12 

10 

1.09 

4 

2 

1.05 

9 

5 

1.03 

12 

11 

1.09 

4 

3 

1.05 

9 

6 

1.03 

13 

0 

1.10 

4 

4 

1.04 

9 

7 

1.03 

13 

1 

1.10 

4 

S 

1.04 

9 

8 

1.03 

13 

2 

1.10 

4 

6 

1.03 

9 

9 

1.03 

13 

3 

1.10 

4 

7 

1.03 

9 

10 

1.03 

13 

4 

1.10 

4 

a 

1.03 

9 

11 

1.03 

13 

5 

1.10 

4 

9 

1.03 

10 

0 

1.04 

13 

6 

1.11 

4 

10 

1.02 

10 

1 

1.04 

13 

7 

1.11 

4 

11 

1.02 

10 

2 

1.04 

13 

8 

1.11 

5 

0 

1.02 

10 

3 

1.04 

13 

9 

i.n 

5 

1 

1.02 

10 

4 

1.04 

13 

10 

1.11 

5 

2 

1.01 

10 

5 

1.04 

13 

11 

Ml 







14 

0 

1.12 


Toble F*6. Milking Shorthorn ond Red Poll 


Age 


A; 

;e 


Age 


Yr. 

Me. 

Factor 

Yr. 

Me. 

Foctor 

Yr. 

Mo. 

Factor 

1 

9 

1.47 

5 

1 

1.07 

9 

8 

1.03 

1 

10 

1.46 

5 

2 

1.06 

9 

9 

1.03 

1 

11 

1.44 

5 

3 

1.06 

9 

10 

1.03 

2 

0 

1.42 

5 

4 

1.05 

9 

11 

1.04 

2 

1 

1.39 

5 

5 

?.05 

10 

0 

1.04 

2 

2 

1.37 

5 

6 

1.04 

10 

1 

1.04 

2 

3 

1.35 

5 

7 

1.04 

10 

2 

1.04 

2 

4 

1.33 

5 

8 

1.03 

10 

3 

1.04 

2 

5 

1.31 

5 

9 

1.03 

10 

4 

1.04 

2 

6 

1.30 

5 

10 

1.02 

10 

5 

1.04 

2 

7 

1.29 

5 

It 

1.02 

10 

6 

1.05 

2 

2 

2 

3 

9 

10 
11 

1.23 

1.27 

1.26 

1.25 

6 

6 

6 

6 

0 

1 

2 

3 

1.01 

1.01 

1.01 

1 01 

10 

10 

10 

10 

7 

8 

9 

10 

1.05 

1.05 

1.05 

1.05 


(continued) 
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Table F-7. (Continued) 


Age Age Age 


Yr . 

Mo 

Factor 

Yf . 

Mo . 

Factor 

Yr . 

Mo . 

Foctor 

2 

3 

1.23 

5 

9 

1.01 

11 

0 

1.06 

2 

4 

J .26 

5 

to 

t.Ol 

11 

1 

1.06 

2 

5 

1.25 

5 

n 

1.01 

n 

2 

1.06 

2 

6 

1.24 

6 

0 


11 

3 

1.06 

2 

7 

U 23 

to 



n 

4 

J.06 

2 

8 

1.22 

7 

u 

1.00 

11 

5 

1.06 

2 

9 

1.21 

8 

0 

1.00 

11 

6 

1.07 

2 

10 

1.20 

a 

1 

1.01 

n 

7 

1.07 

2 

11 

1.19 

8 

2 

1.01 

n 

8 

1.07 

3 

0 

1.18 

8 

3 

1.01 

n 

9 

1.07 

3 

1 

1.17 

8 

4 

1.01 

11 

10 

1.07 

3 

2 

1.16 

8 

5 

1.01 

n 

11 

1.07 

3 

3 

1.15 

8 

6 

1.01 

12 

0 

1.08 

3 

4 

1.14 

3 

7 

1.01 

12 

1 

1.03 

3 

5 

1.13 

8 

8 

1.01 

12 

2 

1.08 



1.12 

8 

9 

1.02 

12 

3 

1.08 


7 

1.12 

8 

ID 

).02 

12 

4 

1.08 



1.11 

8 

11 

1.02 

12 

5 

1.08 

3 

3 

3 

4 

4 

4 

9 

10 

11 

0 

2 

1.10 

1.10 

1.09 

1.03 

1.07 

1.06 

9 

9 

9 

9 

9 

9 

0 

2 

3 

4 

5 

1.02 

1.02 

1.02 

1.02 

1.02 

1.03 

12 

12 

12 

12 

12 

12 

6 

7 

8 

9 

10 

11 

1.09 

1.09 

1.09 

1.09 

1.09 

1.09 

4 

4 

4 

4 

4 

4 

3 

4 

5 

6 

7 

8 

1.05 

1.05 

1.04 

1.04 

1.03 

1.03 

9 

9 

9 

9 

9 

9 

6 

7 

8 

9 

10 

n 

1.03 

1.03 

1.03 

1.03 

1.03 

1.03 

13 

13 

13 

13 

13 

13 

0 

2 

3 

4 

5 

1.10 

1.10 

1.10 
1.10 
1.10 
1.10 

4 

4 

5 
5 
5 

9 

10 

11 

0 

1 

2 

1.03 

1.03 

1.03 

1.02 

1.02 

1.02 

10 

10 

10 

10 

10 

10 

0 

1 

2 

3 

4 

5 

1.04 

1.04 

1.04 

1.04 

1.04 

1.04 

13 

13 

13 

13 

13 

13 

6 

7 

8 

9 

10 

11 

1.11 

1.1) 

1.11 

1.11 

1.11 

1.11 



NUMBER OF 

P.aORS POR REOUCNG 30B^AV -G| CORRECTED 
RECORDS TO TWICE A DAY MILKING B 


Note For additional information, see pages 56 7 
arc m Appendix F 


223 Age 


conversion factors 



Foctor for 3-Tifna 
Milking 

Number ol 

Q°ys Milked 

2 to 3 
Years 
of Ago 

3 to 4 
Years 
of Age 

5 to 15 

0.99 

0.99 

'6 to 25 

.98 

.99 

26 to 35 

.98 

,98 

36 to 45 

.97 

.98 

46 to 55 

.97 

,97 

56 to 65 

.96 

.97 

66 to 75 

.95 

.96 

76 to 85 

.95 

,95 

86 to 95 

.94 

.95 

56 to 105 

.94 

.94 

'06 to 115 

.93 

.94 

"6 to 125 

.92 

.93 

'26 to 135 

.92 

.93 

'36 to 145 

.91 

.93 

'46 to 155 

.91 

.92 


'56 to 165 
'66 to 175 
'^6 to 185 
'66 to 195 
'56 to 205 

206 to 215 
2'6 to 225 
026 to 235 
^ to 245 
^■*6 to 255 


.90 

.90 

.89 



.89 

.90 

.91 

.81 

.83 

.88 

.90 

.91 

.80 

.79 

.83 

.88 

.89 

.90 

.82 

.87 

.89 

.90 

.79 

.81 

.87 

.88 

.90 

78 

.81 

.86 

.86 

.88 

.88 

.89 

.89 

.77 

.80 
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Number of 
Days Milked 

Foelof for 3«Tifn*«*o-Day 
Milking 

Factor (or 3-Tim< 
Milking 


2 to 3 
Yeol* 

3 to 4 
Years 

4 Yeots 

and Over 

2 to 3 
Years 

3 to 4 
Years 
of Age 

4 Years 
of Age 
and Over 

256 to 265 

.85 

.87 

.88 

.77 

.79 

.82 

266 to 275 

.85 

.87 

.88 

.76 

.79 

.81 

276 to 285 

.84 

.86 

.83 

.75 

.78 

.80 

286 to 295 

.84 

.86 

.87 

.75 

.78 

.60 

296 to 305 

.83 

.85 

.87 

.74 

.77 

.79 


Kendrick, J. F. (1955). "Sraadardizing Dairy Herd Improvement Association 
Records in Proving Sires,*’ Agr. Res. Service, 52.1, Jon. 





AGE, WEIGHT, 
CHEST GIRTH 


height, and 

STANDARDS 


Table H-1 Age, Weight, Height, aad Chest Girth Standards f 

Dairy Heifers " 



92 

29 5 

30 0 

72 

102 

30 0 

32 0 

82 

133 

32 0 

35 0 

114 

186 

34 0 

38 0 

157 

251 

36 5 

43 0 

218 

307 

33 5 

46 0 

280 

369 

40 5 

49 0 

328 

429 

41 5 

52 0 

389 

492 

43 0 

540 

441 

553 

445 

57 0 

486 

613 

45 5 

59 0 

512 

645 

460 

60 0 

556 

701 

47 0 

62 0 

587 

762 

48 0 

64 0 

643 

829 

49 0 

66 0 

700 

’ 893 

500 

68 0 

754 

i 968 

51 0 

70 0 

824 


486 42 0 55 0 437 


59 0 


643 45 0 61 0 592 


‘Ul BlOothl 

^dn»r.ri,[ 52 0 72 0 

l-Li , I 


-tionih^ 

m«\>K r 


1122 53 0 74 0 


930 49 5 70 0 901 


400 

513 

566 

43 0 

44 0 

56 0 

58 0 

491 

515 

592 

44 5 

59 0 

560 

667 

46 0 

62 0 

613 

727 

46 5 

640 

667 

761 

47 0 

65 0 

703 

827 

48 0 

67 0 

763 

901 

49 0 

69 0 

801 


613 44 5 500 


'""1 on Circular EC 622. Univemly ol Nebtoslo, Lincoln, Nobmr 


341 



342 


READY REFERENCE HANDBOOK 


Toble H 2 Age. Weight, Height, ond Chest Girth Standards for Growing 
Doiry Moles 


— 

H. 

slut n 






Cv«n**r 






H* ahl 



H* 






H« ^ht 






0t 

0>«*t 


•r 

Oi#,t 


»t 

C*<*n 


»• jht ' 

(IS>I 


C rth tl 

I* 1^.1 

« ihn « 

C rth 1 

eht 

V rh**. 

Cirih 

w* ^t 


Cirth 


Urn] 

{cm} 

(IM 

f«ni 

(»} 

Its*} 

Urn) 

((•) 

1 S*) 

(«•} 

Umi 

S rrh 

JOO 

75 5 

822 

ai' 

69 5 

75 2 

73 

715 

74 3 

53 

65 2 

67 3 

IM in^lh 

122 

73 7 

853 

104 

731 

eos 

91 

73 9 

77 1 

71 

686 

71 3 

2nd montH 

167 

840 

927 

123 

75 5 

846 

117 

771 

^3 

99 

729 

73.1 

3fd moni'? 

313 

37 8 

101 1 

364 

798 

916 

152 

814 

903 

130 

76 9 

852 

4tK month 

231 

93 1 

110 4 

212 

848 

100 0 

186 

362 

937 

167 

81 4 

932 

5th month 

343 

932 

119 2 

262 

838 

107 7 

233 

91 3 

102 3 

207 

85 7 

100 7 

6th month 

419 

102 9 

127 7 

310 

927 

tU7 

234 

95 5 

113 3 

251 

«596 

1^0 

7th mon^ 

492 

107 2 

135 6 

350 

56 2 

123 5 

363 

101 a 

125 5 

293 

93 4 

115 1 

Sth month 

562 

1109 

142 S 

3r6 

994 

126 7 

450 

loss 

127 7 

349 

95 8 

122 5 

9ih month 

632 

114 4 

149 2 

453 

1031 

133 3 




435 

lOI 0 

129 6 

IQth month 

696 

117 2 

154 7 

530 

107 7 

140 3 




474 

IQSl 

137 2 

1 Irti month 

755 

1198 

159 9 

537 

110 5 

146 3 




575 

IIIJ 

146 7 

I2»n month 

815 

122.0 

164 7 

636 

112 7 

1517 




640 

1120 

ISI 0 

Hrh month 

933 

126 2 

173 5 

769 

119 4 

1613 






14»h month 
tSih monthl 
1 &th month } 

1050 

130 2 

1330 

335 

126 0 

>710 







Wth month! 
ISth month] 

1159 

133 6 

192 2 










i9ih Aonthi 
20rh rnenthj 

1273 

137 5 

199 4 










31ii month' 
32(14 month 

1352 

139 7 

203 7 










23rd month' 
24ih menA 

1419 

142.0 

' 206 3 










Kes 8uf 

.No 139, Unv. 

«f» ty el Kcbrotko Lincoln IWUoUo. 
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Cahcs {conttnued) 
idermfication of, 210 
mortality of 199 
pasiunngof, 210-1 
sanitation and, 143 
\eaf, raising for, 2f f-2 
Meaning of, 203 
CaUing 

dates of, 326 
management of, 196 
Carboljy drates 
digestion of, 18 
in fresh forage, 89 
as precursors, 19 
in Silage, 86*7 
SDA of, 26 
m silage 86 7 
Carotene, aa, 129 
Caruncles, 182 
Casein. 54 

Cattle judging, types of, 302 
Cells, reproductue, 216 
Cereal grains, 128*9 
Cenix, 183 
Chelating, 146 
Chest girth standards, 341 
Chlonne, aa, 134 
Clamp silos, 99 
Classes, show nng, 304 
Cleaning aha Ditiaiecttoa, 
Sanitation 
chemistry of, 143 
effect on sanitation, 14a 
materials for, 146 
methods of, laa 
shape of structure, lal 
Cleanliness 
health and, la7 
insects and, 160 
Climate 

breeds of cattle and, 256 
buildings and, 231 
Cobalt, 13a 
Cold, adaptation to, 4a 
body surface and, 44 
emergency adju»imenis to, 
4a 

and hormones, 45 
humidity and, 44 
normal body temperatures 
and, 44 

plane of nutntion and 4a 
radiation and, 35 
rumen distention and, 46 
SDA and, 4a 


sweating and, 44 
tolerance to, 3a, 44-6 
Cold weather, 43 
extreme effecu of, 43 
open sheds for, 44 
shelters /or, 44 
tolerance of, 44 
water requirements dunng, 
46 

Colostrum 

antibodies m, 199 
diluted for calves, 201 
methods of using, 200 
Concentrates. 127 
bulky. 128-9 
consumption of, 131*2 
cereal grains in, 6a 
dehniiionof, 127 
m gram mixtures, I3{>2 
requirements for, 236 
TDN in. 128 
types of, 127 
Conduction. 31 
in animals. 32 
dehmtionof, 31 2 
formula for, 32 
Conditioned reflex, 8 
deleienous eflects of, 8 
management of, 9 
Condicfoninf, 3 
blood volume and, 36 
body fat and, 36 
body systems and. 3 
dcfiniiionof, 3 
effects of season on, 36 
feed consumption and. 3 
hormones m, 37 
liver weight and, 36 
management of, 4 
of pregnant heifers, 214 
pulse rates and, 36 
vascular bed m, 37 
Contracts for raising calves 
199 

Convecnoo, 31 

air movement in, 34 
definition of, 33 
formula for, 33 
Cooling cattle, 38 

air condiiioiung for, 39 
by sprinkling, 38 
Copper, 135, 141, l?8, 179 
Com, 106-8. 128. 129, 133 
Com gluten, 132 
Corpus lutcum, 182 


Corrosion, 158 
Cow families, 222 
Cows, disabled. 157 
Crossbreeding, 224 
Cystic ovaries, 185 

Dates, calling and drying olT, 
326 

Dehorning 207-10 
Dehydration, 122 
Detergents, 146-7, 155 
Developments, future, 296-8 
Desoxyconicosieronc, 5 
DHIA (Dairy Herd Improve- 
ment Association), 3ll 
DHIR (Dairy Herd Improve- 
ment Registry), 312 
Diarrhea, 140 
Dieiirum, 184 

Differential, pnee, based on fat 
test, 260-1 
Digestion 
bactenal, 12 
monogastnc, 13 
ruminant, 18-20 
Digestive system, 127 
Diluents of semen Sae Semen 
extenders 

Disease Set alio specific emnes 
as Brucellosis, Mastitis, 
etc 

appetite and, 197 
control of, la6 
livestock losses from, Io6 
prevention of, I36 
sanitation and See Sanita- 
tion 

stress and, la6 
treatment of See specific 
diseases 

Disinfeaton See also Cleaning, 
Sanitation 
agents for, 149 
animal health and. 160 
pnnciplcs of, 149 
Dispersion, l4o 
Dry matter, 2l, 46, 70-1, 73. 

87-8. Ill, 141 
D^y^^g off, 57 
dates for, 326 
lysozome in, o7 
milk composition dunng, 58 

Efficiency 
gross, 261 
net, 261 
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Ejaculation, electro, 187 
side effects of, 188 
Electric fence, 72, 76 
controllers for, 78 
management of, 77-9 
portable, 79-80 
Embryo, attachment of, 182 
Emulsification, 145 
Endocrine functions, 192-3 See 
also Hormones 
Energy conservation, 7 
Ensilage See Silage 
Environment 

in breeding program, 220 
effect on production, 222 
Enzymes m milk, 55 
Epinephrine, effect on milk let- 
down, 56 

Esophageal groove, 16-8 
activation of, 17-8 
anatomy of, 16 
functions of, 16 7 
Estradiol, 193 
Estrus cycle, 16-7 
Evaporation, 37 
cooling by, 39 
effect on animals, 38 
heat loss by, 37 
Extra teats, 210 


total digestible nutrients in, 

22 

Feeding area, size of, 246 
Feeding the show herd, 273 
Feeding standard, 27, 136, 314 
application of, 140 
definition of, 27 
illustration of use, 137 
purpose of, 27 

Feed replacement values, 26 
barley reference for, 26 
feed characteristics and, 27 
purified reference for, 26 
Feedstuffs, 2 1 See also Con- 
centrates, Feed, Forage, 
Herbage, Hay, Silage 
analysis of, 21 
definition of, 21 
Fence controllers, 72, 78-80, 
240 

Fermentation 
m rumen, 12 
m silage, 85-6 
Fertilizers 

toxic properties of for ani- 
mals, 177 

use on pastures, 64-6 
Fiber, 21,41, 55, 64, 111, 127, 
129 

Fitting and showing, 273-4 
Fluorides in feedstuffs, 179 


factors, age conversion, 330 

Fascia, 49 

Fat 

m cattle body, 36 
content m milk, 54, 124, 260 
Fats 

breakdown of, 55 
cleaning of, 146 

SDA of, 26 

Eatiy acids, 18 
effects of roughage on, 74 
function of, 19 
production of, 18 
‘n rumen, 18, 74 

Concentrates, 
Feedstuffs, Forage, Herb- 
age. Hay, Silage 
2>moums for mixing, 140 
^‘Pparcni digestibility of. 22 
combinations of, 138 
future developments in, 297 
medicated, lo? 

March equivalent of. 27 
storage of, 237 


Follicle, 181 
Forage, 64 

ball test for moisture in. 
competitive suppression of, 
66 

conditioning and curing, 89, 


117 

consumption of, 141-2 
cunngof, 110 
dual usage of, 69-70 
hydroponic, 73 
evaluation of, 27-8 
fertilization of, 64-6 
greenchopping of, 69 
leafiness of, 64, 1 10 
matuntyof, 113 
moisture in, 89 
nutntivc value of, 116 
and oil distillation, 89-90 


cides and, 74-5 
poisoning, 178 
ity of, 63-4, 66, 90, 1 1 5 
nngand, 130-1 
uied grains as, 73 


succulent, 124-5 
types of, 65-6 
uses of, 69 

utilization of, 70, 74, 124, 

178 

FSH (follicle-stimulating hor- 
mone), 193 

Fund, sinking, formula for, 277 


Gametes, 216 
Gamma fraction, 54 


GAS (general adaptation syn- 
drome), 4-5 

Gas, m rumen, 12, 24, 171-5 
Gas-tight silos, 96-7, 103 
Genes, assortment of, 216 
01 ^. 21 . 297-8 


Genital organs 
female, 181-2 
male, 185 

Genotype, definition of, 218 
Glycerol, as an additive to 
semen, 191 
Glucose, 54 

Gonadotrophic complex, 193 
Graafian follicle, 181, 193 


Grams 

high moisture, 105-6 
nutrients in, 129 
Grasses, 111*2 
Grazing, 70 

effect of manure droppings 
on, 75 

effect of stocking rate on, 


management of, 76 
rotational, 70 
selective, 70 
strip, 70-2, 76 
Grooming, 144 
Guernsey, 300,332 


wning of, 86 
calf feeding, 203 

isumptionof, 111 

ting dates of, 113, 116 
estibility of, 114 
•ft of rain on, 116 


protein m (table), 1 14 
quality of, 110, 113 

storage of, 234 

types of plants for. 110-1 
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Hay drying, artificial, 1 17-8, 
122,123 
Ha) lage, 97 
Hayrnaking, 88, 111 

automation and, 125, 130 
effect of speed on, 1 1 3, 117 
general requirements for. 

Ill 

losses dunng, 121 
types of plants and. 111 
Health 5fr oho Disease 

effect of cmironment on, 158 
records of, 277 
Heat penod, 183-3 
Heal tolerance, 41 
effect of feed on, 41 
effect of fiber on, 4 1 
effect of milk product/aa on, 
41 

Heifers 

breeding of, 214 
feed for, 213 
shelters for, 213 
Height, standards, 341 
Herbage See Forage, Plants 
Herd replacements, 193 
Hentabihty 
definition of, 219 
estimates of, 220 
Heredity, basis of, 216 
HIR (Herd Improvement 
Registry), 312 
HoUteins, 300-1.334 
Homeostasis, 8 
definition of, 8 
effecu of on body s) stems. 
Hooves, tnmmmg of. 273 
Hormones 

and hot v*eathcr, 36 
interaction of, 193 
milk letdovtn and, 36 
in milk production, 33 
m persistency of milk pro- 
duction, 53 
Hot vveather, 30 
Housing 

for calves, 205, 213 
loose, 244 

H) droponic forage, 73 
Hypocfifontes, 149 
H>-pothalmiii, 192 3 


Immunization, agents for 
Implants, ovum. 297-8 


Impulses, natural 
reproductive, 1 
Survival, side effects of, 1 
Utilization of, t 
Inbreeding 
application of, 229 
co^cicnt, calculation of, 

226 

deSimtion of, 223 
effects of, 228 
formula for, 223 
Inciossing, 224 
Inheritance 
qualitative, 218 
quaniitaiive. 2l7 
Irihented traits, reccstne, 217 
Insemination 

ciiecli list for, 293-6 
technique for, 186, 192 
Iodine, 135 
(odophores, 149 
Interfacia) tension. 147 
Intestines, IS 
anatomy of, 16 
functions of, 16 
targe, 16 

Iron. 135. 148. 179 

Jersey, 300,335 

Keiosis, 169 

Lactalbumin, 54 
Lactation, 47 See al,^ Milk, 
g Milking. Udder 
records of. 221 
Lacioglobulin, 54 
Lactose. 54 

Las (local adapUtion syn- 
drome). S 
Legumes, 68-9 90 
tnooilation of. 68.9 
for silage. 90 
Leptospirosis. 168 

LH (Icusenizing hormone), 194 

Lifc^san, 198 
Lighting banu, 236-9 
Lignin, 18 
Loafing bam, 244-5 
Loose housing, 244.34 
Lye, 146, 149 51 

Manure 

8 disposal of, 239 
liquid, 240 


Marketing 
of cattle, 262 
of milk, 253-61 
milk control boards in, 259 
of milk by cooperatives, 258 
milk, effect of fat content, 
260-} 

milk orders for, 259 
Mastitis 

causes of, 161, 243 
definition of, 161 
environment and, I63 
milking procedures and, 61, 
{64 

prevention of, 161, 165 
tests for, 166 
treatment of, 166 

Medical supplicA 1^9 

Medicaments, misuse of. 176 
Metabolic residues. 23 
Metabolism 
deranged, 168-9 
plant, 87 

unnary products from, 24 
Metabolizable nutrients, 25 
Meiestrum, 184 
Microorganisms, Set aieo Bac- 
teria, Protozoa 
in mastitis, 164-5 
m silage, 83 
rumen functions of, 12 
Milk 

for calf feeding, 20U3 
composition of, 54 
energy value of, 260 
enzymes in, 53 
fat in, 34, 123-4 
influence of feed on, 1 23-4 
feed cost of, 239-60 
marc's, 1 1 
lainaafi tn, 43 
nutntiie value of, xi 
pipelines for, 254 
protein in, 54 
as semen extender, 1 89 
sugar in, 54 
tanks, storage for, 234 
vitamins in, 55 
volatile flavors m, 33 
Milk feeding, 201-5 
Milk fever, trcaimeni of, 170-1 
Milk production, persistency 
of. 53 

Milk secretion, 52 
Milk scrum, 54 
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Milking 

frequency of, 57 
hand, 56 

interval between, 57 
machine, 56 

number of times daily, 57 
effects of, 56-7 

Milking equipment See also 
Milking machines, Milk- 
ing parlor 
care of, 60-1 
malfunctions m, 60-1 
trouble shooting of, 60-1 
Milking machines, 56 
pulsations in, 58 
teat cups of, 58 
vacuum m, 58 
vacuum levels in, 60 
Milking parlor 
cost of, 254 
description of, 250 
efficiency of, 254 
elevated, 250 
floor level, 250 
heating of, 255 
operation of, 251 
‘ypes of, 246 
Milking shorthorn 336 


Nutrition See also Feed, 
Rumen 

and digestion, 18-20 
and dry matter, 73 Stcalso 
Dry matter 
and minerals, 134-40 

plane of. and efficiency of 

milk production, 261 
Nutritive ratio 
definition of, 23 

effect on growth, 23 

effect on production, 23 
Nux vomica, 136 
Nymphomania, 185 


Mineral ratios, 135 


Minerah 

common, 134, 141 
'ntry into milk, 55 
w feed supplements, 140-1 
soil pH and, 142 
soil types and, 64-5 
water hardness and, 150 
Jhxed breeds, 337 
'folasses, 92 

Molybdenum, 141, 142, 178 

'owing machines, 118 9 
!J«“rahmpulscs, t 
ervous system, autonomic, 9 
K °n body functions, 9 

^Mmirogenfree extract), 22 
St€ also specific 
I'utricnts as Carbohy- 
araics. Proteins, etc 
°cnnmon of, 21 
^Muauon of, 21 

«tot,64,87, 93, 107, 115-7 
“proper use of, 178 
‘'"eaves, lU 

for, 25, 141, 
'o'al digestible 5«TDN 


Ord\s«llauon^ 

Omasum 

anatomy of, 13 
functions of, 13 
Organic matter 

effect on disinfection, 131 
in feed, 21 
Outcrossing, 224 
Ova, aged, 187 
Ovary, 181 
Ovulation, 186 
Oxytocin, 53, 56, 192 


Pads, types of for calf feeding, 
202 
Paint 

as insulation, 40 

poisoning from, 175 
Papillae, 14, 18 
Parasites, in calves, 

Pasture 

for calves. 210 - 

grazing methods *r Graz 

ing 

rotation of, 210 
renovation of, 66-69 

utilization, methods of. 
Paved area, m loose 

requirements for, Z4t> 

Pelleting 

drying and, 89 
of hay, 122 

Pellets ,«•» 

effects on rumination, IZJ 

hay. effect on appemc. 123 

hay. effect on mdkfat. 124 
Penetration, 145 
Pens, calf, portable. 205 


Pesticides, 75, 176 
Peptizing, 146 
pH 

definition of, 88 

effect on sanitation, 134-5 

of silage, 88 

Phenotype, definition of, 218 
Phosphates, 146 

Phosphoric acid, 91 
Phosphonas, 

Pipelines for milk, 254 
Pitocin, 192 

Pitrcssin, 192 
Pituitary gland, 

Plane of nutrition, 25, 261 
Platforms, sizes in stables, 24 
Plants See also Forage 

clpcnscnofw..h an.mals, 

63,65 

composition of, H I 

development of, 65 

dry matter loss from, 
effLsofenvironmemon,65 
maturity of, 85, 112-3 

nutrient storage in, UW 
poisonous, 177 
sugar in, 90-1 
Plastic film, 99-100 
Poisoning 

prevention oF, 1/3 
toxic materials in, 1/3 
treatment for, 179 
Portable pens, 205-7 
Pregnancy 

diagnosis ot, 1V2 
management during. 
Preservatives, for sdage. 
Production testing 

herd, 312 
official. 312 

”vyA"ve%h-a.Day-a- 

Month), 312 
Proestrum, 183 
Progesterone, 194 
Progress, genetic, 21V 
Proteins 

deamination ol, 25 

Iplelion of in herbage, 64 

in hay (table). 114 

overfeeding of, 

metabolism of in rumen, 

in mdk, 54 


percent of in concemratc 
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Protein* (co/iJiriif^) 

SDAof,2-)-6 
sources of, 133 
subsiimics for, 133 
supplements for, 132-3 
Protozoa, protein quality and, 

20 

Prosed bulls, effect* of using, 

230 

Proximate analysis 
description of, 21 
diagram of, 21 
Psychic stimulation, 8 
Pyloric saUe. 15 

Quarternary ammonia, 150 

Radiation 
definition of, 34 
effect on production, 33 
formula for, 34 
heat loss by, 35 

Ram, effect on forage, US, 121 
Rations 

calculation of, 139 
increasing SDA of, 45 
sample tables, 137, 133, 

323-3 

Ratios, mineral, 135 
Records 
keeping of. 276 
laaation, 221 
ofhcia), 313 

produaion, standardizing of, 
223 

Rectal palpation, 192 
Red Dane, 334 
Red Poll, 336 
Reflex 

Conditioned, 3, 8 
and milk letdown, 56 
■Rntvi'xatmp 

definition of, 66 
purpose of, 66 

Replacements, purchased, 198 
Rcproducuse impulse, 2 
Reproduction 

diseases affecting, 167-8 
efficiency of production and 
180 

general management and 
181 

milk production and, I 
Reticulum 

anatomical location of, 13 


functions of, 13 
motilrtyof, 13 
Roughage 
appetite and, 130 
compoiiiionof, 129-30 
consumption of. 130 
definition of, 63 
feeding of, 130 
leafy. 129 
mixed, 73 

mixtures, concentrates in. 

129 

and nimen, 12*13 
TDN in, 130 

typeof onSDA, effect of, 74 

Hubner, 25 

Rumen Set alto Abomasum, 

Omasum, Reticulum 
bacteru in, 12 
capacity of. II 

and cold-weather feeding, 46 
digesme processes of, 12 
effect of roughage on. 73-4 
fatty acids in. 18. 74 
functions of, 11 
gases in. 12, 24, 171-3 
microorganisms in, 12 
and nutrient evaluation, 27*9 
and pelleted hay. 123 
protozoa in. 12, 20 
structure of. 11 
synthetic processes in, 12 
vitamins tn. 136 
Rumination, reflex of. 16, 127 
Rye, 131 


Salt, 178 
Sannalion 
calves and, 143 
importance of, 143 
mastitis and, 164-5 
jmm.iynV* m' iVJ 
procedure* for, 154 
Sannizers, 145 
Saponification, 145 
Score card, 302, 305-10 
SDA (specific dynamic action) 
of carbohydrates. 26 
classical example of. 25 
definition of, 24 
of fat, 27 

increasing amount iij raiion, 
45 

ofinjcctcd ammo acids, 24 
management of, 34 


nature of, 24 

plane of nutniion and. 25 
of protein, 26 
season, effect of, 25, 45 
Season 

hormones and, 36, 43 
physiological adjustments to, 
42 

SDA, effects on, 42 
sweat glands and, 43 
Selenium, poisoning from, 178 
Semen 

collection of. 187 
extending, 183, 191 
freezing. 191 

frozen, in breeding program, 
224 

Semen extenders 

egg yolk buffers as, 190 
glycerol in, 191 
milk in, 189 
properties of. 188 
skim milk in, 189 
Selyc.6 

Sex selection, 397 
Show ring, 264-74, 30 4 
Silage 

acids with, 9CV2 
additives for, 90-3 
AJV,90 
aroma of, 86 
bacteria in, 85 
bagged, 100 
baled. 103 

compared with hay. 1 1 1 
crops for, 8} 
dcrmiiion of, 81 
density of, 105 
effects of plant metabolism 
on, 87 

high gram corn, 106 
iirrcrcsCin, iff 
lactic acid in, 85-6 
from legumes, 89 
low moisture, 38 
matunly of plants m, 87, 113 
microorganisms m. 85 
osmotic pressure m. 83 
preservation of, 86 
soil texture and, 89 
stacked, 101 
Wilted, 88 
Silage making 
carbohydrates in, 86 
critical penod in, 85 
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losses m, 93 
speed in, 87-8 
Silos 

capacity of, 104 
loading of, 99 
sealing of, 81, 83, 86, 103 
strength of, 109 
types of, 93-4 
unloading of, 95-100 
\enting of, 94-6 

Sinking fund, formula for, 277 
Size, animal 
effects of m cattle, 257 
future developments in, 297 
Soap, 146, 154 
Soil 


structure of, 68 
texture of, 68 
Species 

cold-blooded, 31 
warm-blooded, 31 
Sperms 

formation of, 185 
rheotaxis in, 187 
shocking of, 187 
Sphincter, 49 

Sprouted grains, dry matter in, 
73 
Stalls 

comfort, 240 
free, 245 
inverted V, 240 
fnaicrniiy, 195 
size of, 244 
stanchion, 240 
He, 240 


Standards, age, weight, and 
chest ginh. 341 
otarch, J8 

Stimulation, psychic 
effect of on heifers, 8 
effect of on laciatmo cow« 

Stock foods, 135-6 
^treak canal, 49 
tress Sff also Conditioning 
^aapt,\c energy and, 6. y, 
^djusimcnt to, 37 
causes of, 4 
definition of, 4 

deleterious effects of, 4 


depletion of body stores in, 6 
disease and, 4, 10, 156-7 
effects on production, 5, 10 
general adaptation syn- 
drome in, 4 
genetic, 9 
hormones m, 4 
inflammation of tissues and, 
5 

local adaptation syndrome 
m, 4 

managemental, 4, 10 
nutritional, 4, 10 
reproduction and, 5 
reserve strength and, 6 
shade and, 37 
Sugar, 22. 54,81, 90-1, 106 
Sulfur dioxide, 92 
Super heat, 185 
Supplies, medical, 159 
Survival impulse, 1 
Suspension, 145 6 


Tanks, milk, 254 
Teat cistern, 49 
Teats, extra, 210 
TDN (total digestible nu- 
trients), 23,24, 27, 113, 
128, 130 
Temperature 

effect on disinfection, 150-1 
effect on grazing behavior, 

41 

storage, for milk, 254 
Thermal equilibrium, 31 
Thermal neutrality 
definition of, 36 
effect of humidity on, 36 
zone of, 43 

Thyroxine. 43. 45, 193 
Tower silos, 94-5 
Trace elements, 142 
Trainers, eicctnc, for cows, 240 
Trench silos, 97-8 
Trichomoniasis, 167 
True digestible energy 23 
Tub silos, 97 
lube silos, 99-100 
Turkish towels, 196 


Udder 
alveoli m, 52 
antibodies for calf, 200 
blood supply to, 52 
connective tissues in, 49 
ducts of, 49 

internal structures of, 49 
judging of, 303 
lateral suspensory ligaments 
of, 49 

medial suspensory ligaments 
of, 47 

milk veins, 52 
pressure in, 56 
supporting structures of, 47 
Urea 

feeding, economics of, 134 
in feeds, 133 

protein equivalent of, 133 
Uterus, 182 
Vaccination, 158 
Vagina 

anatomy of, 182 
artificial, 187 
estrus and, 183 
Vaginitis, 167 
Van’t Hoff Law, 31 
Veal, raising calves for, 211-2 
Ventilation, barns, 239 
Vibriosis, 167 
Vitamins, 142 
Bj 2 , cobalt and, 135 
C, synthesis of, 20 
Volatile flavors, 55 
Wafers, hay, 125 
Water 

hot, requirements for, 148 
properties of for dairy, 133 
requirements for cattle, 40 
and season, 40 
Watering, facilities for. 148 
Water suppl>. corrosion in. 
Weight, siand-irds. 341 
Welting, 145 
Wetting agents 
as sanitizers, 1^4 
types of. 140-’’ 
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